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ABSTRACT 
Background: The burden of childhood stunting and mortality remains huge in 
developing countries and in particular in the Sub-Saharan Africa region to which Nigeria 
is located. Despite the body of evidence supporting an association between 
neighbourhood contextual influences and health outcomes, few studies have examined 
the relationship between neighbourhood-level risk factors and childhood undernutrition 
(stunting) and mortality independent of the individual-level risk factors in a single 
analytical framework in Nigeria. Most studies to date have focused on individual-level 
factors overlooking the contribution of neighbourhood or area level factors. Beyond the 
effect of neighbourhood contextual influences, a child’s health will be influenced by the 
state, region and national policies and programs that in turn will affect the proximate 
determinants of his or her survival and health status. 
Aims:  We described the variation that existed between the states in Nigeria using league 
table, control chart and spatial clustering of childhood stunting (Study I) and examined 
the contribution of community contextual factors at predicting childhood stunting 
beyond individual-level factors (Study II). We further identified and examined the 
predictors of childhood mortality in Nigeria (Study III) and developed prognostic model 
predicting differences in childhood mortality in Nigeria communities (Study IV). We also 
quantified the contribution of neighbourhood socioeconomic disadvantage alongside 
individual-level socioeconomic status to childhood mortality in Nigeria using multilevel 
analysis (Study V).  
Methods: We used the Nigeria Demographic and Health Survey (DHS) dataset which 
comprised of 28,647 and 31,482 under-five children nested within 888 and 896 
communities for the 2008 and 2013 surveys respectively from 37 states including the 
Federal Capital Territory.  
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We used league table, control chart and geospatial analysis to describe variations in 
childhood stunting that existed between the states in Nigeria (Study I). In study II, we 
applied multivariable multilevel logistic regression analysis to describe the independent 
contribution of community contextual influences (factors) alongside the individual level 
factors on childhood stunting in Nigeria. We applied multivariable logistic regression 
analysis that included Receiver Operating Characteristics (ROC) Curve to construct a 
model that examined the factors associated with childhood mortality (Study III). In study 
IV, we used mixed multivariable Poisson regression analysis to develop a prognostic 
model predicting differences in childhood mortality in Nigeria communities. In Study V, 
we applied multivariable multilevel logistic regression analysis and considered three 
measures of individual socioeconomic status i.e. maternal educational attainment, 
household wealth status, and employment status of the mothers. At the neighbourhood 
(level 2) and state (level 3), we included poverty rate, unemployment rate, and illiteracy 
rate.  
Results: There were statistically significant variations in the odds of childhood stunting 
and mortality across the neighbourhoods (Study II, IV & V) and states (I) in Nigeria. 
This confirmed the evidence of community and state level contextual phenomenon 
influencing childhood survival and stunting. Children residing in socioeconomically 
disadvantaged neighbourhoods had higher odds of childhood morbidity and mortality 
compared to their counterparts living in more socioeconomically advantageous 
neighbourhoods (Study II, IV & V). The odds of childhood morbidity and mortality 
were associated with neighbourhood and state socioecological conditions even after 
adjusting for individual’s household socioecological conditions (Study II, III, IV & V). 
There was moderate positive correlation between neighbourhood and individual 
variations in childhood mortality and morbidity (Study II & V). 
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The odds of childhood stunting and mortality were higher in children residing in rural 
areas (Study II, III, IV & V) and in settings with poor sanitation (Study III & IV). Other 
factors that increased the odds of childhood mortality included low level of maternal 
health seeking behaviour, not breastfed for >18 months, being from a polygamous 
family setting, large family and high birth order, non-usage of contraceptive by mother, 
and mother having first marriage during their teenage years(Study III). Good household 
wealth status, adequate birth interval, being a female child and having normal birth 
weight, increasing maternal educational attainment were all associated with odds of not 
suffering from childhood stunting and surviving beyond five years of age (Study II & V).  
Conclusions: By adopting several modelling approaches including the multilevel 
modelling, we added to the growing body of evidence the effects of the neighbourhood 
contextual influences on childhood stunting and survival in Nigeria. Our study revealed 
that individual i.e. children and parental factors; neighbourhood and socioecological 
environment were associated with childhood stunting and mortality. Efforts at reducing 
the burden of childhood stunting and mortality should be directed at establishment of 
poverty alleviation programmes, effective publicly funded health care delivery, 
promotion of hygienic environmental practices and health education more importantly at 
the neighbourhood level. Lastly, given the importance of socioecological factors at 
influencing the lifestyles of neighbourhoods and individuals, interventions targeting 
structural make up of these two entities are vital in order to meet the MDGs 1 and 4 
regarding childhood stunting and mortality in Nigeria and in particular developing 
countries in general. 
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INTRODUCTION 
Burden of childhood morbidity and mortality 
Childhood mortality has continued to be a major public health concern worldwide but 
more importantly in low and middle income countries (LMICs) where it is mostly 
concentrated and keeps occurring in large numbers. Available data from World Health 
Organisation (WHO) estimate childhood mortality to be about 9 million deaths per year 
in which 70% of the deaths are avoidable making it an important public health problem 
warranting further exploration and study.(1) Childhood mortality has once been 
described as public-health calamity in the first of the series of articles on child survival 
published in the Lancet journal.(2) Due to the heavy burden of childhood mortality 
globally and more importantly in the developing world, the United Nation (UN) 
incorporated reduction of childhood mortality by two-thirds by the year 2015 from the 
baseline in 1990 as its fourth and most ambitious of the eight Millennium Development 
Goals (MDGs).  
Under five mortality rate (UFMR) used interchangeably as childhood mortality rate in 
this study in Nigeria has been estimated to be about 159 deaths per 1000 live births in a 
research carried out jointly by World bank/World Health Organisation in 2005. Their 
latest estimates done in 2013 showed a slight decline to about 120 deaths per 1000 live 
births.(3) This decline is still out of line with the international acceptable standard of 60 
deaths per 1000 live births for the LMICs.(3) Another large scale study conducted by 
Rajaratnam and colleagues between 1970 and 2010 in about 187 countries showed that 
childhood mortality rate in Nigeria in year 2010 was 157 deaths per 1000 live births.(4) 
Currently available data from the United Nations Development Programme (UNDP) 
indicate that Nigeria alone accounts for approximately 10% in the burden of childhood 
mortality in West Africa sub-region.(5)   
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Figures 1 below shows the trend in UFMR in Nigeria compared to other countries in 
West Africa as a whole. UFMR in Nigeria as of now is estimated to be about 124 deaths 
per 1000 live births.(5) Looking at the above statistics clearly reveals that childhood 
mortality remains a major public health issue in Nigeria that needs to be solved. 
Figure 1: Under five mortality trends between 2010 and 2013 in West Africa 
(Adapted from United Nations Development Programme (2014) (5)   
 
In the 1990s, both Pelletier(6) and Schroeder(7) and their colleagues established the 
contribution and association of malnutrition in the form of under nutrition to childhood 
mortality. Their analytical framework took the underlying cause of deaths into account 
and they inferred that under nutrition measured as poor anthropometric status was an 
associated cause of death in about half of all childhood deaths occurring in the 
developing countries.  
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A recent study conducted by Black et al published in the Lancet journal also concluded 
that under nutrition in the aggregate—including fetal growth restriction, stunting, 
wasting, and deficiencies of vitamin A and zinc along with suboptimum breastfeeding—
was a cause of estimated 3·1 million child deaths annually or 45% of all child deaths 
recorded in 2011.(8)  
 
Stunting used interchangeably as morbidity in this study is a form of under-nutrition 
whereby there is restriction to the linear development and growth of an individual which 
may occur during prenatal and postnatal periods of life as a result of infections, 
inadequate and/or poor nutrition and adverse environmental conditions.(9-11) Stunted 
growth that occurs early in life may lead to poor cognition, socio-psychological and 
motor development with higher probability of occurrence of childhood mortality.(12;13) 
Children suffering from stunting are unable to reach their full growth potentials and 
often become stunted adolescents and adults later on.(14) Functional difficulties resulting 
in reduced work capacity and efficiency are often the consequences of stunting if it 
persists into adulthood period.(15) There is increased risk of morbidity and mortality 
during the intra-partum period for both women with stunted growth and their 
babies.(16-18) 
 
Childhood stunting globally has been estimated to be present in about one-third of 
preschool children in a large scale research conducted by the WHO in year 2004.(19) 
Despite the fact that the worldwide prevalence of childhood stunting is on the downward 
trend from about 47% in 1980 to about 35% in 2004, there are variations in the 
prevalence depending on geographic regions being investigated.(19)   
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Furthermore, the progress that has been achieved at reducing the burden of stunting in 
the developing world which is the most affected part of the globe has been in the 
Southeast Asia with insignificant progress in the Sub-Saharan African region.(20) 
Similarly, a study conducted by WHO in Nigeria in 1990 estimated the prevalence of 
childhood stunting to be about 43.1% (21) while in 2008 and 2013, the Nigeria DHS 
carried out showed that 41% and 39% of the under-fives have stunted growth.(22;23) 
Looking at the statistics presented by the above studies clearly show that childhood 
stunting in Nigeria remains a major problem that needs to be solved. 
 
Conceptual framework /Theoretical models 
Drawing largely upon the conceptual framework developed by Mosley and Chen (24), 
this research adapted and developed a working conceptual framework that aided in the 
choice of variables with which we explored the factors associated with child morbidity 
and mortality in Nigeria. The theoretical model developed by Sastry(25) served as the 
framework for explaining the clustering effect/variation in childhood morbidity and 
mortality observed at various levels of operation (i.e. individual/household, 
neighbourhood and state levels). Hence, the association between individual and 
contextual predictors of childhood morbidity and mortality in this study was 
conceptualized based on the foundation laid by the two theoretical frameworks. 
Childhood survival researchers in the developing countries often draw upon 
socioecological theory as postulated by Mosley et al (1984) to understand the causes of 
mortality and morbidity in the childhood period (Figure 2). (24;26)  
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Figure 2: Socioecological conceptual framework for determinants of child survival 
in developing countries (Adapted from Mosley and Chen (1984))(24) 
 
 
This model conceptualizes childhood survival as multifaceted process based on the 
interplay of individual, household, neighbourhood and societal factors.(26) The model 
takes into account the different levels of social environment and their roles in influencing 
childhood morbidity and mortality.  
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A child resides in a household, which on the other hand is sited within a neighbourhood, 
which will operate under the policies of a state which in turn operates under a regional or 
national government. Socioecological model has been used extensively by researchers to 
understand the interplay of individual, circumstances and socio-cultural factors that come 
together to cause childhood morbidity and mortality.(24;26) This framework postulates 
that childhood morbidity and mortality arise from the interplay of factors at different 
levels of the social environment. Socioecological model allows for the inclusion of 
potential risk factors from different domains of influence such as individual, family, 
neighbourhood and societal levels. Building such a model also allows for a fundamental 
structure for understanding the interplay of all the factors that influence childhood 
morbidity and mortality, and can therefore provide key areas for prevention as well as 
solution and intervention. This framework also provides the theoretical basis to a 
comprehensive public health approach that not only addresses an individual’s risk of 
dying but also the belief’s, culture, norms and socioeconomic processes that cause the 
situation leading to childhood morbidity and mortality.  
 
Frailty model and random effects concept 
We adopted the concept of frailty effect from the works of Clayton,(27) Vaupel et al(28) 
and Sastry(25) which in this study refers to a child’s predisposition to the risk of dying or 
suffering from childhood morbidity.  
According to Sastry, this model captures the total effects of all factors that influence the 
child’s likelihood of dying or becoming stunted that are not captured in the model that 
accounts for the measures of association. Because measures of association model can 
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account for the observed predictors, the frailty effects stand for unobserved/unmeasured 
or unmeasurable effects.  
If no predictor variables are included in the model i.e. an empty or null model then the 
estimated frailty distribution characterizes the extent of clustering of child mortality and 
morbidity risks in the study population; in our study, the frailty effects encompasses the 
total effect of all observed and unobserved factors associated with childhood morbidity 
and mortality, after adjusting for the predictor and control variables. The specific factors 
that comprise the frailty effect clearly depend on the specific application and on the 
completeness of the set of observed predictor variables. In the context of our study 
focusing on childhood mortality and morbidity, and with special focus on the effects of 
unobserved factors leading to childhood mortality and morbidity, the frailty effect 
reflects an array of factors that can be broadly classified as behavioural, environmental 
and genetics.(25) Our framework for interpreting frailty effects was organized around 
these three sets of factors (see Figure 3). 
Figure 3: Frailty effects framework for interpreting random variation on child 
survival based on the level of operation and the form of the effect (Adapted from 
Sastry (1997))(25) 
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Rationale for this study 
The study of childhood mortality and morbidity in a holistic way has become feasible in 
most developing countries and in particular in Nigeria owing to the availability of a 
nationally representative datasets on various maternal and child health indicators 
collected by DHS program in conjunction with National Statistical office based on 
robust sampling techniques. 
 
There are several studies that have been carried out to examine the determinants of the 
factors associated with childhood mortality in Nigeria. Nevertheless, majority of them 
have only focused on individual-level factors (maternal and child) without adjusting for 
contextual (area - neighbourhood and state) level factors.(29-32). It is worthy to note that 
the association between contextual factors and health outcomes have been widely 
documented in the literature.(33-37) 
 
Survival of a child is beyond individual level (maternal and child) factors alone, it can also 
be influenced by household, neighbourhood and societal factors. Furthermore, carrying 
out studies that concentrate only at one level - micro or contextual-level can result to 
practical and methodological quagmire. For example, studies that focus more on 
individual-level factors only are susceptible to individualistic (atomistic) fallacy.(38;39) 
This is because association at individual level might be different from association at 
group or area-level. Correspondingly, studies conducted at group or area-level alone are 
susceptible to ecological fallacy otherwise known as fallacy of division.(38-40) 
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Various studies conducted globally and particularly in the developing world have also 
revealed that childhood stunting is associated with socioeconomic factors such as 
poverty and illiteracy.(41-44) Access to quality healthcare services and maternal health 
seeking behaviour were also found to be important in determining nutritional status of 
children in some studies. This is because children that had no or less access to quality 
healthcare services were more prone to childhood stunting.(44-46) Poor sanitary and 
environmental conditions have also been linked with childhood stunting in a couple of 
studies.(47;48) There is a paucity of literature on childhood stunting in Nigeria and the 
few ones that have been published examined either socioeconomic,(49) cultural,(50) 
environmental, individual, or community risk factors alone. Therefore, effects of 
confounders were not sufficiently explored. 
 
Most studies conducted to date in Nigeria on children’s nutritional status have been 
conducted in urban areas with few studies in the rural areas (50-55) where approximately 
70% of the population resides. Thus, contextual influences on childhood survival and 
stunting need to be explored further to understand a more complete process. 
Public Health importance 
Understanding relative contribution of individual, household and area level factors at 
predicting childhood mortality and stunting is important for policy makers in deciding 
priority areas for intervention particularly crucial for disadvantaged communities in 
Nigeria. 
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AIM AND OBJECTIVES 
Overall aim 
The overarching aim of this PhD project is to establish the extent to which 
neighbourhood/community contextual influences predict childhood mortality and 
morbidity (stunting) beyond individual-level risk factors with a view to provide reliable 
and accurate information for policymaking and program design aim at addressing the 
determinants of childhood mortality and morbidity in Nigeria. This aim will allow us to 
further explore and draw attention to the effects of the numerous and 
unexplored/under-explored body of contextual risk factors. It would further assist us to 
adjust for some portion of the variance that cannot be explained by the traditional 
individual-level risk factors. 
Specific objectives: 
 To determine and describe the variation between states in Nigeria using league table, 
control chart and spatial clustering of childhood stunting (STUDY I) 
 To examine whether neighbourhood contextual factors predict childhood stunting 
beyond individual-level factors (STUDY II) 
 To identify and determine the predictors of childhood mortality in Nigeria (STUDY 
III)   
 To develop prognostic model predicting differences in childhood mortality in Nigeria 
communities (STUDY IV)  
 To quantify and compare the contribution of neighbourhood socioeconomic 
disadvantage to childhood mortality in Nigeria using multilevel analysis (STUDY V)  
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METHODS 
Data sources 
This research used the 2013 Nigeria DHS which is the most recent nationally 
representative dataset available from the Nigeria DHS for studies IV & V conducted in 
years 2014 and 2015 as well as the 2008 Nigeria DHS dataset for studies I, II & III which 
were conducted in years 2012 and 2013. The sampling procedure adopted in the Nigeria 
DHS has been published somewhere else. (22;23) In a nutshell, a multistage (three-stage) 
cluster sampling methodology was used. The country was stratified into 37 districts i.e. 
the 36 states plus the Federal Capital Territory (FCT). The 2006 housing and population 
census enumeration areas (EAs) were used as the primary sampling unit (PSU). About 
888 and 896 clusters (PSUs) were selected for 2008 and 2013 respectively with 
probability proportional to size, that is, size is the number of households in the PSU. In 
the second stage, systematic sampling of the households from the randomly selected 
PSUs was done. A total of 36, 800 and 40, 680 households for 2008 and 2013 surveys 
were randomly sampled. Lastly, allocation of the households in each district in a 
proportional way was done among its rural and urban areas. 
Overview of statistical analyses 
The analytical approach included descriptive as well as bivariate and multivariate analyses. 
Choice of statistical methodology varied depending on the data distribution and specific 
study hypothesis as discussed below under each specific study. Statistical analysis 
included: chi-square test, control charts, spatial analysis, multivariable logistic regression 
that included the use of receiver operating characteristics (ROC) curve, trend analysis and 
multilevel regression analysis and Poisson regression. Regression diagnostics was used to 
judge the goodness-of-fit of the models. 
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Ethical Considerations 
This thesis was based on secondary analysis of existing survey datasets from the archive 
of the DHS who granted us permission for its usage after all the identifying information 
has been removed. The instruments and conduct of the surveys in both 2008 and 2013 
was approved by the Institutional Review Board (IRB) of ICF Macro International in the 
United States and Nigeria Health Research Ethics Committee (NHREC) of the Federal 
Ministry of Health (FMOH).  
 
Main outcomes 
Childhood mortality - Each participant interviewed was asked to provide a complete history 
of all her live births in chronological order. The details required include; date of birth, 
gender of the child at birth, number of births (single or multiple), survival status of the 
child, age of the child on the date of interview if the child was still alive, and age at death 
if the child was not alive. A synthetic cohort life table and the data of birth history were 
used to compute childhood mortality rate, defined as the likelihood of a child dying 
before reaching five years of age i.e. 0-59 months (usually expressed as deaths per 1000 
live births) 
Childhood stunting - childhood stunting was defined as height for age z-score less than -2 
standard deviations (HAZ <-2 SD) from the median of the reference population of 
World Health Organization.(56;57) It is a key indicator of skeletal growth restriction 
resulting from chronic under-nutrition. 
 
 13 
 
Independent variables 
The selection of the independent variables in this body of work was based on previous 
literatures that have examined the risk factors associated with childhood mortality and 
morbidity in developing countries. We used community interchangeably as 
neighbourhood in this study. Full description of this community has been done 
elsewhere.(58) Description of the independent variables is as shown in Table 1 below 
 
Table 1: Independent variables 
 
Independent  
variables 
Description 
 
Individual level 
factors 
 
 
Age of child  in 
months 
  
 
Categorized into (1) 0-11, (2) 12-23, (3) 24-35, (4) 36-47,  
(5) 48-59  
Sex of child Categorized into (1) female, (2) male 
Birth weight (grams) Categorized into (1) low <2500 (2) normal≥2500 
Type of birth Categorized into (1) Single, (2) Multiple birth 
Maternal/Household 
factors 
 
 
Maternal age in years Categorized into (1) 15-24, (2) 25-34,or (3) 35-49 
Educational level of 
mother 
Categorized into (1) No formal education, (2) primary  
(3) Secondary or (4) Higher    
Breastfeeding in 
months 
Categorized into (1) < 6, (2) 6-12, (3) 13-24, or (4) >24 
                     
Immunisation Categorized into (1) Incomplete (2) Complete 
Occupation 
 
Categorized into (1) Not working, (2) Manual or (3) White 
collar 
Birth Interval Categorized into (1) ≥24 months, (2) <24 months 
Numbers of under-
fives 
Categorized into (1) 1, (2) 2  (3) 3, or (4) ≥4 
 
Ethnicity                                             Categorized into (1) major, (2) minor 
Maternal health seeking 
behaviour 
Categorized into (1) (1st quantile) (Least), (2) (2nd quantile), (3) 
(3rd quantile), (4) (4th quantile) or (5) (5th quantile) (Highest) 
Type of family Categorized into (1)monogamous or (2) polygamous 
Head of household Categorized into (1) male, or (2) female 
Wealth Index 
 
Categorized into (1) (1st quintile) (Poorest), (2) (2nd quintile), 
(3)(3rd quintile), (4) (4th quintile) or (5) (5th quintile) (Richest) 
Area/State level 
factors  
 
 
Community childhood 
deprivation index 
 
Categorized into (1) Low , (2) High 
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Independent  
variables 
Description 
 
Community maternal 
socioeconomic 
deprivation index 
 
 
Categorized into (1) Low , (2) High 
Community 
environmental factor 
index 
 
 
Categorized into (1) Low , (2) High 
Community maternal 
health-seeking index 
 
Categorized into (1) Low , (2) High 
Ethnicity diversity 
index 
 
Categorized into (1) Low , (2) High 
Residence Categorized into (1) rural, or (2) urban 
Geographic region 
 
Categorized into (1) North Central, (2) North East, (3) North 
West, (4) South East, (5) South South, or (6) South West 
Poverty rate 
 
 
 
Proportion of households living below poverty level (wealth 
index below 20%, poorest quintile). Categorized into (1) Low, 
or (2) High. Median value serves as the reference for the low 
and high groups. 
Illiteracy rate 
 
 
                                                      
Proportion of people in the community with no formal 
education. 
Categorized into (1) Low, or (2) High. Median value serves as 
the reference for the low and high groups. 
Unemployment rate 
 
 
Proportion of people who are unemployed in the communities 
Categorized into (1) Low, or (2) High. Median value serves as 
the reference for the low and high groups.  
Proper sanitation Categorized into (1) Yes, or (2) No 
Safe water Categorized into (1) Yes, or (2) No 
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SUMMARY OF STUDIES 
STUDY I 
Title: Exploring variations in childhood stunting in Nigeria using league table, 
control chart and spatial analysis  
Objective: To examine and describe the variations existing between states in Nigeria 
using league table, control chart and spatial clustering of childhood stunting. 
Methods: The percentage of observed childhood stunting with 95% CI for each state in 
the country was estimated, described and plotted in rank order. The uncertainty linked to 
using ranks for assessing performance was then estimated by adopting simulation 
technique (A Monte Carlo Procedure) illustrated by Marshall EC and Spiegelhalter.(59) 
We used scatter plots to examine the performance of each state as a proportion versus 
the number of children under five years who had stunted growth i.e. denominator for the 
proportion. Mean performance of the states with its exact binomial 3 sigma limits was 
estimated for all possible values of under-five children that were stunted in all the states, 
from which funnel plot was generated with the aid of procedure developed and described 
by Spiegelhalter.(60;61) 
Lastly, we did exploratory spatial data analysis (ESDA); local measures of spatial 
correlation that gives a measure of correlation for each unit which in turn assists in the 
recognition of the specific type of spatial association that exists — ESDA was carried out 
with the aid of Local Indicators of Spatial Association (LISA).(62;63) Local Moran's I 
depicts the presence of significant local spatial correlation. A Monte Carlo 
Randomization (MCR) technique was adopted to re-estimate the local Moran statistics 
following the calculation of the appropriate statistics from the smoothed rates.  
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Thereafter, we generated a reference distribution based on 999 permutations from the 
randomized data observations.(62;63) The significance level of local spatial patterns was 
set at p-value of .001 which was calculated and generated by correlating the observed 
statistics to the distribution generated by the MCR process.(62;63)  
Results:  The prevalence of childhood stunting was about 39% from this study which 
shows that childhood stunting is high in Nigeria when compare to the global average of 
about 26%.(64) However, there are significant variations in the proportion of childhood 
stunting across the 37 states in the country including the Federal Capital Territory (FCT). 
The proportion of under-fives with stunted growth ranged from approximately 12% in 
Anambra state to 60% in Kebbi State. Ranking of states with respect to childhood 
stunting from the forest plot is as follows: Anambra and Lagos states had the best 
performances with 11.5%; 95% CI (08.2% - 14.9%) and 16.8%; 95CI (13.7 - 19.9%) 
respectively. Conversely, Yobe with 51.2%; 95% CI (47.5% - 54.8%), Zamfara with 
51.2%; 95% CI (46.8% - 55.6%), Katsina with 54.3%; 95% CI (50.8% - 57.9%), Plateau 
with 55.6%; 95% CI (51.3% - 59.8%), and Kebbi with 59.7%; 95% CI (54.8% - 64.6%) 
had the worst performances with more than 50% childhood stunting prevalence. The 
control chart in figure 2 of study I showed that about 13 states in orange colour had 
higher than national average prevalence of childhood stunting while ESDA from figure 3 
of study I identified eleven states in red colour as hot spots of childhood stunting. 
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STUDY II:  
Title: Individual and contextual factors associated with childhood stunting in 
Nigeria: a multilevel analysis 
Objective: To examine whether neighbourhood level factors predict childhood stunting 
beyond individual-level factors. 
Method: Multilevel logistic regression was used to study the association between 
individual- and neighbourhood-level factors and childhood stunting. A multi-level 
modelling technique was used (65-67) to identify clustering of childhood stunting within 
households and neighbourhoods in Nigeria. A two-level multilevel model for binary 
response for childhood stunting y (with y = 1, if the child was stunted) was specified. The 
levels include individual (level 1) and neighbourhood (level 2). The result of (Fixed effects - 
measures of association) was shown as odds ratios (ORs) with 95 % confidence intervals 
(CIs). The hypothesized contextual phenomenon (Random effects - measures of variation) was 
measured by the ICC, VPC, PCV and MOR.(67) The formula for calculating PCV and 
MOR for a two-level multilevel modelling are as for a three-level multilevel modelling 
described below in study V. For ICC estimation of two-level multilevel modelling, the 
formula below was used; 
                                         ICC   =    
Vn
𝑉𝑛+(
π2
3
)
       
Vn depicts neighbourhood level variance. 
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Results: The overall childhood stunting prevalence in this study was approximately 26% 
i.e. 7322 out of the 28, 647 under-fives studied had stunted growth. 
 
Fixed effects 
After adjusting for all variables in the final model 4, the following individual level factors 
(level 1) independently reduced the odds of childhood stunting: being an older child, 
female sex, single birth product, birth weight ≥ 2.5 kilograms, adequate child spacing 
interval, maternal age between 35 to 49 years (OR 0.91; 95% CI 0.82 – 0.99), mother 
attained secondary (OR 0.84; 95% CI 0.64 – 0.97) or higher education (OR 0.75; 95% CI 
0.35 – 0.86), highest level of maternal health seeking behaviour index, normal and high 
maternal BMI, not too prolonged breastfeeding and household belongs to richest wealth 
index quintile. On the contrary, after controlling for all other variables in model 4, the 
neighbourhood-level factors (level 2) of being a resident of north west (OR 1.26; 95% CI 
1.14 – 1.29) and north east (OR 1.35; 95% CI 1.27 – 1.43) compared to North central 
and living in neighbourhood with high illiteracy rate (OR 1.49; 95% CI 1.19 – 1.88) 
compared to low illiteracy rate increased the odds of childhood stunting in our study 
population.  
Random effects 
There were statistically significant neighbourhood variations in the log odds of childhood 
stunting in Nigeria. The neighbourhood-level factors in our study explained 
approximately about 8% of the total individual variance with respect to childhood 
stunting. The result of MOR for the neighbourhood-level contextual effects was 
moderate with MOR of 1.5 in the final model. 
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STUDY III:  
Title: The logistic regression and receiver operating characteristic (ROC) 
analyses of individual, household, and area-level factors for predicting childhood 
mortality in Nigeria 
Objective: To identify and determine the predictors of childhood mortality in Nigeria 
Method: Multivariable logistic regression analysis to identify factors that would be useful 
in predicting childhood mortality in Nigeria was conducted. Individual, household and 
area-level factors with various independent variables were explored. The dependent 
variable was under-five mortality (childhood mortality). Utilizing the function of logistic 
regression, probability plot (PP) value was sought for at estimating the occurrence of 
childhood mortality. ROC curve for checking the predictive power of the final model 
was constructed as well as PP- value calculated. The area under the curve (AUC) of the 
final model with the 95% confidence intervals (CIs) was also calculated. The fitness of 
the final model was done through regression diagnostics including Likelihood Ratio 
(LHR) and Hosmer-Lemeshow model fit tests. Variance Inflation Factors (VIF), 
reciprocal of VIF and estimates of adjusted R square were used to rule out the presence 
of multicollinearity. (68;69) 
Results:  The prevalence of under-five mortality was 142 deaths per 1000 live births in 
the study sample. In study III, the final model showed that the probability of childhood 
mortality is reduced by 20% (OR 0.80; 95% CI 0.70 – 0.90) if the mother had first 
marriage between the age of 20 to 24 years and by 30% (OR 0.70; 95% CI 0.57 – 0.85) if 
the mother had first marriage by age 25 years or more when compared to a mother who 
married at her teen age.  
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After controlling for other factors; the following maternal level factors such as usage of 
contraception and average level of maternal health seeking behaviour reduced the odds 
of childhood mortality by 31% and 94% respectively. Other maternal factors like short 
preceding birth interval and breastfeeding child for less than 18 months increased the 
odds of childhood mortality. The child factors of high birth order and birth weight of < 
2.5kilograms also increased the odds of childhood mortality. The following household 
level factors; large household size (OR 3.54; 95% CI 3.07 – 4.08), polygamous family 
settings, urban residency and unhygienic neighbourhood environment all increased the 
likelihood of childhood mortality. The AUC of the final model was about 95% which 
implies that the predictive power of the model was excellent. The negative predictive 
value of the final model was about 96% and the positive predictive value of about 67%. 
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STUDY IV:  
Title: Factors that predict differences in childhood mortality in Nigerian 
communities: a prognostic model 
Objective: To identify predictors of childhood mortality differences between Nigerian 
communities and to identify outlier communities where childhood mortality was worse 
than expected. 
Method: Prognostic multivariable mixed model was constructed to explain the observed 
differences between communities regarding childhood mortality. We adopted this 
method which has been used and proved to be scientifically sound by Harrell(70) and 
Freemantle(71) and their colleagues in a couple of studies in the developed countries. 
Precisely, Poisson mixed model was constructed where the response variable was the 
observed number of deaths of under-five children per 1000 live births.  
The associations of childhood mortality rates with each characteristic of individuals in 
the community were first examined at the univariable level. Characteristics statistically 
associated with childhood mortality in the univariable Poisson models subsequently were 
fitted in multivariable Poisson regression model. The final model was used to predict the 
death rates for each community and compared the predicted and observed death rates. 
The observed and predicted rates were described and plotted. High risk communities 
were defined as those communities for which the observed death rates differed from the 
expected rates of more than three studentized residual deviances.(71) We computed the 
degree to which variation (extra-Poisson variability) between the communities was 
attributed to the included parameter terms. P value of < 0.05 was used to define 
statistical significance. Regression diagnostics were used to judge the goodness-of-fit of 
the model. They included Likelihood Ratio (LHR) and Hosmer-Lemeshow model fit 
 22 
 
tests. Variance Inflation Factors (VIF), reciprocal of VIF and estimates of adjusted R 
square were used to rule out the presence of multicollinearity. 
 
Results: Rates of childhood mortality varied across the communities with mean of about 
79.3 per 1000 live births and standard deviation (SD) of 63.7 for the 5 years of this study. 
After adjusting for all other variables in the final model, the risks of childhood mortality 
was significantly increased by 14% for every SD increase in communities’ multiple 
childhood deprivation score (RR =1.14, 95% (CI) 1.09 - 1.19) and by 22% with every SD 
increase in communities’ maternal socioeconomic deprivation score (RR= 1.22, 95% CI 
1.14 - 1.29). Conversely, the risks of childhood mortality was significantly reduced by 
15% for every SD increase in communities’ maternal health seeking behaviour index (RR 
= 0.85, 95% CI 0.80 - 0.91) and by 16% for every SD increase in communities’ 
environmental factor index score (RR = 0.84, 95% CI 0.78 - 0.90). In the same vein, the 
risks of childhood mortality is reduced by 4% for every SD increase in communities’ 
ethnicity diversity index score (RR = 0.96, 95% CI 0.94 - 0.97). The final model accounts 
for approximately 64% of the variations observed in the likelihood of childhood 
mortality across the communities studied. Our study also showed that 11 of the 896 
communities studied had significantly higher than expected childhood mortality rates as 
evidenced by the observed rates been differed from the predicted rates by more than 
three studentised residual errors. 
 
 
 
 23 
 
STUDY V:  
Title: Contextual socioeconomic factors associated with childhood mortality in 
Nigeria: a multilevel analysis  
Objective: To examine whether neighbourhood socioeconomic disadvantage predicts 
childhood mortality beyond individual-level measures of socioeconomic status 
Method: Multilevel logistic regression was used to study the association between 
individual-, neighbourhood-, and state-level socioeconomic factors and childhood 
mortality. A multi-level modelling technique was used (65-67) to identify clustering of 
childhood mortality within neighbourhoods and the states in Nigeria. A three-level 
multilevel model for binary response for childhood mortality y (with y = 1, if the child 
died) was specified for individuals 𝑖 residing in neighbourhood 𝑗 from state 𝑘  of the 
form: 
𝜋𝑖𝑗𝑘 : 𝑦𝑖𝑗𝑘    ~ 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖 (1, 𝜋𝑖𝑗𝑘 ) 
Probability was related to a set of categorical predictor X and a random effect for each 
level by a logit-link function as 
𝑙𝑜𝑔𝑖𝑡(𝜋𝑖𝑗𝑘 ) = log [
𝜋𝑖𝑗𝑘 
(1 − 𝜋𝑖𝑗𝑘 )]
⁄ =  𝛽0 +  𝛽1𝑋𝑖𝑗𝑘 + 𝛽2𝑋𝑗𝑘 + 𝛽3𝑋𝑘 +  𝑢0𝑗𝑘 + 
𝑣0𝑘  
The linear predictor on the right side of the equation comprised of a fixed part  
( 𝛽0 +  𝛽1𝑋𝑖𝑗𝑘 + 𝛽2𝑋𝑗𝑘 + 𝛽3𝑋𝑘 ) estimating the conditional coefficients for the 
determinant variables and two random intercepts linked to neighbourhoods (𝑢0𝑗𝑘 ) and 
state(𝑣0𝑘 ), with each assumed to have an independent and similar distribution and 
variance calculated at each level. 
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Modelling: 
We constructed four models. The first model, a null model without any determinant 
variables, was specified to decompose the amount of variance that existed between the 
neighbourhood and state levels. The second model comprised of individual-level 
socioeconomic variables while the third and fourth models were extended to include 
neighbourhood-level and state-level measures of socioeconomic status variables 
respectively. 
 Fixed effects (measures of association)  
The association between childhood mortality and socioeconomic status was shown as 
odds ratios (ORs) with 95 % credible intervals (CrIs).  
Random effects (measures of variation) 
The hypothesized contextual phenomenon was measured by the intraclass correlation 
(ICC), (72) variance partition coefficient (VPC), percentage change in variance (PCV) 
and median odds ratio (MOR).(67) 
Proportion of variance as a result of differences between states 
                   = semblance of study participants in the same state 
                   = intra-state correlation (ICCs)         
               =
Vc
𝑉𝑛+𝑉𝑐 +(
π2
3
)
       
Proportion of variance as a result of differences between neighbourhoods 
                   = semblance of study participants in the same neighbourhood 
                   = intra-neighbourhood correlation (ICCn)         
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               =
Vn+Vc
𝑉𝑛+𝑉𝑐 +(
π2
3
)
   
Vn is the neighbourhood variance and Vc, the state variance. A high ICC in the null 
model implies high clustering of childhood mortality in the neighbourhood or state 
which means a strong neighbourhood and state contextual effect on childhood survival. 
Low ICC on the other hand, implies the existence of a weak neighbourhood and state 
effects on childhood survival. 
The percentage change in variance implies variance attributed to different variables 
estimated from the formula below; 
𝑃𝐶𝑉 = {
𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙−𝑉𝑎𝑓𝑡𝑒𝑟
𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙  
 } 𝑋 100   
 Vinitial depicts the variance in the null or empty model and Vafter, implies the variance in 
the different models as the case may be. 
Median odds ratio (MOR) 
The MOR estimates the second or third level (neighbourhood or state) variance as an 
odds ratio and calculates the probability of childhood survival that can be linked to 
neighbourhood and state influences. MOR of 1 implies absence of neighbourhood or 
state variance as the case may be. On the contrary, the higher the MOR, the more 
significant are the contextual influences for understanding the likelihood of childhood 
mortality. MOR can be calculated by using the formula below 
𝑀𝑂𝑅 = е(√2Vn ×0.675)   ͌  е0.95√Vn  
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Vn is the second or third level variance i.e. neighbourhood or state variance while 0.675 is 
the 75th percentile of the standard normal distribution with mean of 0 and variance of 1. 
Results: Prevalence of childhood mortality was about 130 per 1000 live births as 
estimated from the dataset across the 37 states.  
 
Fixed effects 
After adjusting for all other variables in model 4d, the following individual level factors 
(level 1) independently reduced the odds of childhood mortality: female sex, maternal age 
between 25 to 34 years (OR 0.90; 95% CrI 0.81 – 0.98), mother attained secondary (OR 
0.79; 95% CrI 0.67 – 0.91) or higher education (OR 0.68; 95% CrI 0.50 – 0.88). 
However, being a member of poorer (OR 1.55; 95% CrI 1.25 – 1.93) and poorest 
households (OR 1.41; 95% CrI 1.12 – 1.79) regarding wealth index quintiles respectively 
increased the odds of childhood mortality. Likewise after controlling for all other 
variables in model 4d, the neighbourhood-level factors (level 2) of being a resident of 
rural area (OR 1.25; 95% CrI 1.08 – 1.43) and living in neighbourhood with high poverty 
rate (OR 1.22; 95% CrI 1.05 – 1.43)  increased the odds of childhood mortality in our 
study population.  
Random effects 
There were statistically significant neighbourhood and states variations in the log odds of 
childhood mortality in Nigeria. The neighbourhood and state level socioeconomic 
factors explained approximately about 8% and 3% of the total individual variance with 
respect to childhood mortality in this study. The result of MOR for the neighbourhood-
level contextual effects was moderate with MOR of 1.4 while it was very little with MOR 
of 1.1 for state-level contextual effects in the final model. 
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DISCUSSION 
Main findings 
Study I reveals the wide variations that exist between the 37 states in Nigeria regarding 
childhood stunting using within-data analysis triangulation procedure. Three different 
analytical procedures of spatial cluster analysis, league table and control charts were used 
to ensure cross-verifications of the procedures which ultimately removes concerns about 
the reliability of our analysis. To the best of our knowledge, this is the first study that 
incorporated control charts in evaluating childhood stunting in sub-Saharan Africa. The 
three analytical procedures used in study I recognized eleven states of Kano, Niger, 
Kebbi, Katsina, Yobe, Zamfara, Sokoto, Gombe, Jigawa, Borno and Bauchi all from 
northern part of the country as having highest percentage of childhood stunting. Similar 
findings have been documented in previous studies which showed that residing in certain 
geopolitical zones may have untoward effect on health outcomes. (73-76)  On the other 
hand, eight states of Lagos, Rivers, Anambra, Enugu, Akwa Ibom, Bayelsa, Imo and 
Abia all from Southern part of Nigeria were recognized by all the three analytic 
procedures as having lowest percentage of childhood stunting. From the result of study 
I, we can conclude that there are ‘special practices’ from the northern states that could be 
considered bad practices and from southern states that could be identified as good 
practices. These practices from the two regions deserve further investigations particularly 
when considering interventions to adopt at reducing the high prevalence of childhood 
stunting in the country. One very good practice that may likely be responsible for low 
prevalence of childhood stunting in the southern states could be the preschool and 
elementary school feeding programmes of some state governments which ensures that 
protein-rich foods are freely given to the pupils. 
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Study II highlights the significance of neighbourhood differences regarding stunting in 
under-five children. The study revealed that approximately 50% of variance in childhood 
stunting in our final model was linked to neighbourhood-level factors. The findings of 
reduced odds of stunting in children aged 48 – 59 months when compared to children 
aged 12 – 23 months in this study is consistent with findings of prior studies from the 
developing countries.(77;78) A reasonable explanation for this association could be that 
most women carry out full weaning on their children during the period when they are 
about 12 – 24 months old which make the children to be more prone to having stunted 
growth. Consistent with prior studies that investigated the association between childhood 
mortality and stunting with gender of a child, (79-82) results from study II showed that 
female children had reduced odds of childhood stunting compared to their male 
counterparts. A plausible explanation could be because female children often times are 
given special attention by their parents in some cultures due to the high value placed on 
women for agricultural labour.(83;84) Children of multiple births from this study were 
found to have higher odds of childhood stunting compared to their counterparts from 
single birth which is in agreement with outcomes of previous studies.(41;42;77;85) 
Insufficient nutritional intake and breastfeeding coupled with low birth-weight that is 
more common in multiple births children could be linked to this finding. 
 
 Children of mothers with no formal education in this study had increased odds of 
stunting compared to the children of the educated mothers which support findings of 
other similar studies.(86-89) This finding could be attributed to the fact that educated 
mothers most times have average to high MHSBI and are better at accessing information 
vital for preventing childhood stunting from occurring or lessen the degree if it occurs.  
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The results of this study also corroborate the findings of other similar studies that low 
maternal BMI increased the odds of childhood stunting. (90;91) One may however 
disagree with this finding and say maternal height should be a better yardstick or 
indicator for evaluating this relationship; to the best of our knowledge, no study has been 
able to support this notion. Breastfeeding beyond 12 months was found to be associated 
with stunted growth in this study and this could be linked to poverty that is very 
common in the developing world where parents are unable to feed their children with 
sufficient and quality complementary foods. They therefore do not supplement 
breastfeeding with any complementary food and continue with exclusive breastfeeding 
beyond 12 months.(92-94) In addition, a study conducted by Brakohiapa and colleagues 
have attributed this relationship to situations where some children refused other foods 
except breast milk.(95)  
 
We found reduced odds of stunting in children from wealthy households compared to 
the ones from poor households, finding which is consistent with what has been 
previously reported in literature.(86;96-99) Being wealthy most times translates to having 
access to good and basic health care services when sick in the developing world where 
hardly do they practice publicly funded health care system as is being done in most 
developed countries. In addition, good and nutritious foods needed for proper growth 
and development of children are likely to be found in such households. Neighbourhoods 
with high illiteracy rates in this study were found to have increased odds of childhood 
stunting when compared with neighbourhoods with low illiteracy rates which is in 
agreement with findings of prior studies.(100-102)  
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Result of study II supports the findings of a growing body of literature advocating for 
the use of multilevel modelling to unravel the effects of neighbourhood level contextual 
influences predisposing people to health outcomes such as morbidity and mortality. 
 
The findings from study III revealed the risk factors associated with childhood mortality 
in Nigeria. We adjusted for the effects of potential confounders by inclusion of several 
individual, household and community-level parameters in our analyses without over-
fitting of the final model. Consistent with findings of previous studies, (103;104) children 
of mothers who had their first marriage at teen ages had higher odds of dying compared 
to those who married after teen ages. The plausible explanation for this may be that teen 
mothers are inexperienced in caring for the under-fives and often times have financial 
difficulties to access health care services that are important for child survival. Children of 
mothers who used contraception in our study were less likely to die compared to those 
of mothers who do not. This finding was in agreement with result of previous studies 
(105;106) and a possible explanation is the fact that with contraception, children that 
were planned for will come to life which would increase their probability of surviving. 
Birth interval of ≥ 18 months in this study reduced the odds of childhood mortality 
which did not contradict the findings of previous studies.(107;108) Risk of obstetrics 
complication is known in medical field to be lowered if a mother had enough/adequate 
birth interval before having another child and that such a mother would have regained 
most of body nutrients lost during the preceding pregnancy, child birth and 
breastfeeding. A child with high birth order number from this study had increased odds 
of dying which is consistent with findings of previous studies from developing 
countries.(109;110)  
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There is bound to be increased competition for food and other scarce household 
resources essential for proper growth and survival as the birth order of a child increases 
which ultimately increases the likelihood of the child not surviving beyond fifth birthday. 
This study also showed that children with low birth weight were more likely to die 
compared to those with normal birth weight which is in agreement with what has been 
reported previously.(106;108;111) Children with birth weight < 2.5 kg most times were 
given birth to prematurely with under-developed organs and are more susceptible to 
having sepsis which is a number one cause of neonatal mortality in developing world. 
Consistent with findings of other studies,(112-114) we found that children from the rural 
areas had higher odds of dying compared to the ones from urban areas. Plausible 
explanation may be that children from the rural areas are unlikely to have access to 
essential health care services that are vital for survival. Maternal health seeking behaviour 
in our study had protective association with childhood survival and this finding supports 
those of other similar studies.(113;115) Such mothers would imbibe the habit of having 
their children receive immunization against preventable childhood killer diseases. In 
addition, they have the knowledge of how to prepare and administer Oral Rehydration 
Therapy (ORT) as well as having hospital based child birth. This study also revealed that 
proper disposal of wastes at home through good toilet facilities increases the likelihood 
of a child surviving beyond age 5 years. Similar findings have been reported in prior 
studies.(116-118) Polygamous family setting which invariably leads to large family size 
was also found to increase the odds of childhood mortality in our study and a good 
explanation for this outcome could be that availability of food and other household 
resources essential for childhood survival would reduce. This result is in agreement with 
those of other similar studies.(119;120)  
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Furthermore, this study showed that children residing in the North central region of 
Nigeria had higher odds of childhood mortality compared to their counterparts from the 
South east region of the country. Prior studies (121;122) carried out in the developing 
world have reported regional variations in childhood mortality and this could be as a 
result of differences in climatic conditions across various regions. Regions rich in mineral 
resources as well as agricultural resources tend to be the best regions for optimal survival. 
 
We developed a prognostic model in study IV to predict differences in UFMR at the 
level of neighbourhoods in Nigeria using available national representative dataset. The 
final model accounts for about 64% of the variations in UFMR between the 
neighbourhoods. The model fit tests conducted confirmed that the final model was well 
fitted indicating that the results of our study is generalizable, although with caution, given 
similarities in socioeconomic and demographic profiles of countries in sub-Saharan 
African. Children with higher indices of multiple childhood deprivation have higher risk 
of UFM compared with those with lower indices of multiple childhood deprivation 
which is in agreement with finding of similar studies.(123-125) A plausible explanation 
for this association could be that the amount of time for care that a mother has for a 
child is reduced if the birth interval is short. (126-129) Similarly, higher indices of 
maternal socioeconomic disadvantage increased the risk of UFM in this study which is 
also consistent with findings of previous studies.(130-133) A community that is 
socieconomically disadvantaged is a community in which individuals residing in it would 
not be able to afford essential goods and services such as health care services, 
transportation and medications because health care delivery system is not publicly funded 
in most developing countries. This study further revealed that an hygienic community 
environment has positive effect on childhood survival which is consistent with finding of 
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previous studies. (134;135) This relationship could be linked to the fact that a clean 
environment with safewater and good waste disposal system will not be conducive for 
disease causing microorganisms and other contagions to thrive in.  
The results of this study also corroborate the findings of other similar studies(113;115) 
that high MHSBI confers protection against UFM and other health outcomes. Mothers 
with high health seeking behaviour will have good habit of seeking medical attention 
such as attending antenatal clinic while pregnant. Moreover, such mothers will make sure 
their children receive immunization against preventable childhood killer diseases. 
Study IV further showed that high ethnicity diversity index has protective effect on 
childhood survival with similar findings reported in prior studies. (136;137) This 
relationship could be linked to cultural, educational, and socioeconomic differences of 
various ethnic groups constituting a given population. For example, polio is still endemic 
in the northern part of Nigeria which is predominantly dominated by the Hausa/Fulani 
ethnic groups who do not want their children get vaccinated against polio virus because 
they believe that polio vaccine for prevention of polio disease contains anti-fertility agent 
and HIV virus.(138;139) Therefore, polio immunization acceptance in these ethnic 
groups is seen as an indirect method of controlling their population growth by the 
western countries. Consistent with findings of other studies investigating differences in 
UFMR at regional health services and geopolitical zones context, (140-142) we found 
that a number of communities had considerably higher than predicted UFMR. 
 
Study V highlights the significant roles that individual and neighbourhood 
socioeconomic disadvantage play at explaining heterogeneity regarding under-five 
mortality in Nigeria. This study revealed that socioeconomic status of the neighbourhood 
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where an individual lives is associated with childhood survival after adjusting for both 
individual and state level socioeconomic status.  
Consistent with prior studies (25;143;144) that investigated the association between 
childhood mortality and gender of a child, our study showed that female children had 
higher odds of survival compared to their male counterparts. A plausible explanation 
could be because female children often times have smaller body size during pregnancy 
and child birth that enhances easy passage through the birth canal and prevents birth 
trauma and asphyxia, thereby lowering the number of deaths recorded during neonatal 
period.(145) In agreement with findings of previous studies, (146-148) children of 
mothers who are aged 15 – 24 years had higher odds of dying compared to those from 
mothers who are aged 25 – 34 years and a possible reason for this finding may be that 
teen mothers are inexperienced in caring for the under-fives and often times have 
financial difficulties to access health care services that are vital for child survival. In 
addition, teenage mothers have been described in a study as having less matured body 
organs such as narrow pelvic bone leading to obstructed labour and increased risk of 
neonatal mortality. (148)  
 
Children of mothers with no formal education in this study had increased likelihood of 
dying compared to the children of educated mothers which supports findings of other 
similar studies.(132;149-151) This finding could be attributed to the fact that educated 
mothers most times have average to high MHSBI and are better at accessing information 
vital for preventing childhood mortality from occurring. We found reduced odds of 
dying in children from wealthy households compared to the ones from poor households, 
finding which is consistent with what has been previously reported in 
literature.(131;152;153) Being wealthy often times translates to having access to good and 
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basic health care services when sick in the developing world where hardly do they 
practice publicly funded health care system as is being done in most developed countries. 
In addition, good and nutritious foods needed for proper growth and development of 
children are not likely to be found in such poor households. The observed association 
between residing in rural settings and increased odds of childhood mortality could be 
explained by the fact that good and basic health care facilities to take care of sick children 
are often not found in rural areas of the developing countries. Neighbourhoods with 
high poverty rates in this study were found to have increased odds of childhood 
mortality when compared with neighbourhoods with low poverty rates which is in 
agreement with findings of prior studies which were however not limited to children 
aged 0 to 5 years but 0 to 14 years.(130;154;155) About 8% and 3% of the total 
individual variance in the odds of under-five mortality in this study occurred at the 
neighbourhood and state level respectively. Theoretical assumption in the field of social 
epidemiology postulates that people residing in the same neighbourhood would resemble 
one another regarding health outcomes compared to those from different 
neighbourhood.(156) As a result of differences in sociocultural, economic and 
geographical contexts where people found themselves in different parts of the world, 
people with different characteristics may have the same health outcomes depending on 
whether they reside in one neighbourhood or another.(156) Thus, people living in the 
same area tend to have similar health outcomes i.e. clustering, which may likely be as a 
result of being prone to the same circumstantial or area influences.(156) In light of this, 
we might conclude in our study that there are neighbourhoods and states-level 
circumstantial factors influencing childhood survival in Nigeria; and more importantly 
neighbourhoods are very vital when trying to comprehend why there are variations in 
childhood mortality in Nigeria. 
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Study limitations  
There are a number of precautionary measures to take when interpreting the results of 
this body of research work. First and foremost, the cross-sectional nature of the design 
of all the studies in this thesis limits our ability to draw causal conclusions. In other 
words, the relationships observed in all the studies should be construed as associations 
only. Another important limitation to consider is the term ‘‘neighbourhood or 
community’’ used to depict area of residence may not adequately capture the 
socioecological context for determination of human’s health(157) because they are only 
administrative divisions designed for survey purposes. Moreover, the extent of exposure 
of the participants to neighbourhood socioecological risk markers could not be 
ascertained as information regarding the length of time they have been residing in the 
neighbourhoods was not collected in the survey. Therefore, we were not able to 
completely ascertain whether the correlations of the included neighbourhood risk 
markers with childhood mortality and stunting were due to cumulative effects of being 
exposed to these attributes. Furthermore, we used indirect measure of household wealth 
status which we could be criticized for, however, asset based composite index used in 
DHS has been considered to be a good alternative for measuring household wealth status 
in lieu of income and expenditure data that would have been the ideal. Lastly, recall bias 
is a common problem with this type of study as there might have been under-reporting 
of births and deaths of children that died in the more distant past before the survey 
particularly by the illiterate women which may have altered the mortality estimates. 
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Study strengths 
It is important to mention some of the strengths of this study. An important strength of 
this study is the representativeness of data used. Thus, the findings of this body of work 
are generalizable to the studied population and other countries with similar population. 
The adoption of multistage sampling technique for the survey which ultimately 
eliminated the possibility of selection and sampling bias gives reliability to the dataset 
used. It is also vital to point out that the data of DHS have been internationally 
acknowledged to be of high quality as the surveys that generated them are based on 
sound sampling techniques and participants’ response rate of over 90%. In addition, 
DHS data is the best data available in developing countries and is widely used by both 
national and international health organizations; therefore its usage for this thesis gives 
credibility to the worthiness of this study.  
There are merits to studying risk markers (factors) associated with childhood mortality 
and morbidity using multilevel analytical approach; the state and neighbourhood level 
analyses would help determine the socioecological, economic as well as cultural contexts 
where people reside and experience health outcomes. Aside the neighbourhoods, 
individuals will be affected by state, regional and national governmental programmes and 
policies which in turn will influence the proximate determinants of health outcomes. In 
light of this, we were able to examine the influence that various levels of societal 
hierarchy exerts on our lives, which gives strong evidence about individual, 
neighbourhood and state-level socioeconomic factors’ association with childhood 
survival and morbidity. Our study also reveals that it is possible to examine 
neighbourhood contextual factors through creation of composite indices to largely 
predict and explain differences in childhood mortality rates between communities in 
Nigeria, which has potential to increase the statistical power for testing the associations. 
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Study implications and recommendations 
The findings of this thesis revealed that childhood mortality and stunting in Nigeria are 
major public health problems needing interventions. The study provided proof that, 
contextual effects, related to individual’s area/neighbourhood of residence seem to have 
some influence on health outcomes (childhood mortality and morbidity).  
Thus, public health programmes and policies should therefore target both 
areas/neighbourhoods and individuals which make health issues not to be solely an 
individual’s responsibility but also public responsibility. The government need to be 
aware that the health of the citizens may depend on the contextual effects of their 
neighbourhoods. Areas characterized by inadequate social amenities, high poverty rate, 
high illiteracy rate, poor environmental and sanitary conditions, overcrowded or 
deteriorating houses have collective properties of exerting negative influence on the 
individual resident’s health independent of individual-level risk factors. Any intervention 
by governmental and non-governmental organizations aimed at reducing childhood 
mortality and stunting should consider neighbourhoods/areas with all the 
aforementioned characteristics so as to avert under-coverage of neighbourhoods/areas 
that deserve it. 
Furthermore, a universal approach linking FMOH with health related ministries like 
Federal Ministry of Education, Women Affairs, Agriculture and Labour should be 
adopted because provision of jobs and women empowerment would ultimately have 
impacts on childhood mortality and morbidity. Lastly, public health prevention strategies 
such as establishment of publicly funded health care services, poverty alleviation 
programmes and health education should be implemented at both individual level and 
contextual level. 
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Future studies 
Future studies such as interventional, case control and cohort studies should examine 
other factors that may be responsible for the unexplained community and states 
heterogeneity in childhood mortality and stunting in Nigeria. Further research should 
also scrutinize the mechanisms that link individuals and neighbourhoods together, in 
other words, the process through which detrimental neighbourhood influences and 
effects are transferred to the individual residents of the neighbourhood. Demystifying 
these mechanisms is vital to the design of effective contextual level interventions due to 
the fact that these mechanisms or processes may be more responsive to modifications 
than the firmly established intrinsic properties of the neighbourhoods such as high 
poverty and illiteracy rates. Well designed and properly implemented prevention 
strategies are needed to reduce the burden of childhood mortality and morbidity in 
Nigeria. These interventions should be aimed at the determinants of poor environmental 
conditions and arrays of factors that can be broadly classified as behavioural such as 
shared preferences, values, cultural and political influences. Modifications of these 
factors for better may help significantly at reducing the high and unacceptable childhood 
mortality and morbidity in Nigeria and other countries with similar settings. 
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CONCLUSIONS 
By adopting multilevel modelling approach, we added to the growing body of evidence; 
the effects of the neighbourhood contextual influences on childhood survival and 
stunting in Nigeria. Our study revealed that individual, neighbourhood and 
socioecological contexts where a child lives were associated with childhood mortality and 
stunting. Efforts at reducing the burden of childhood mortality and stunting should be 
directed at establishment of poverty alleviation programmes, effective publicly funded 
health care delivery, promotion of hygienic environmental practices and health education 
more importantly at the neighbourhood level. Furthermore, governmental and non-
governmental organizations should direct their efforts regarding interventions that also 
include enlightenment campaigns on the contextual level factors at the neighbourhood 
level rather than singly on individual level factors for meaningful impacts to be made. 
Given the importance of socioecological factors at influencing the lifestyles of 
neighbourhoods and individuals, interventions targeting structural make up of these two 
parameters is vital towards achieving MDGs 4 and 1 regarding childhood mortality and 
stunting in developing countries. 
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Exploring variations in childhood stunting in
Nigeria using league table, control chart and
spatial analysis
Victor T Adekanmbi1,2*, Olalekan A Uthman3,4 and Oludare M Mudasiru1
Abstract
Background: Stunting, linear growth retardation is the best measure of child health inequalities as it captures
multiple dimensions of children’s health, development and environment where they live. The developmental
priorities and socially acceptable health norms and practices in various regions and states within Nigeria remains
disaggregated and with this, comes the challenge of being able to ascertain which of the regions and states
identifies with either high or low childhood stunting to further investigate the risk factors and make
recommendations for action oriented policy decisions.
Methods: We used data from the birth histories included in the 2008 Nigeria Demographic and Health Survey
(DHS) to estimate childhood stunting. Stunting was defined as height for age below minus two standard deviations
from the median height for age of the standard World Health Organization reference population. We plotted
control charts of the proportion of childhood stunting for the 37 states (including federal capital, Abuja) in Nigeria.
The Local Indicators of Spatial Association (LISA) were used as a measure of the overall clustering and is assessed
by a test of a null hypothesis.
Results: Childhood stunting is high in Nigeria with an average of about 39%. The percentage of children with
stunting ranged from 11.5% in Anambra state to as high as 60% in Kebbi State. Ranking of states with respect to
childhood stunting is as follows: Anambra and Lagos states had the least numbers with 11.5% and 16.8%
respectively while Yobe, Zamfara, Katsina, Plateau and Kebbi had the highest (with more than 50% of their under-
fives having stunted growth).
Conclusions: Childhood stunting is high in Nigeria and varied significantly across the states. The northern states
have a higher proportion than the southern states. There is an urgent need for studies to explore factors that may
be responsible for these special cause variations in childhood stunting in Nigeria.
Keywords: Stunting, Nigeria, League table, Childhood stunting
Background
Stunting, linear growth retardation is the best measure
of child health inequalities as it captures the multiple
dimensions of children’s health, development and the
environment where they live [1-3]. It is a chronic condi-
tion that reflects poor linear growth accumulated during
pre and/or postnatal periods because of poor nutrition
and/or health. It is more difficult to treat than wasting;
which is an acute form of under nutrition. Its relation-
ship to micronutrient deficiencies, obesity (particularly
the abdominal type) and chronic diseases makes it an
important health hazard even in countries in transition
[4]. Depending on the references and criteria used,
stunting is defined as somebody with a height-for-age
either below the −2 standard deviation from the median
or below the 5th percentile in height-for-age. Globally,
childhood stunting decreased from 39.7% in 1990 to
26.7% in 2010 and the prevalence is expected to reduce* Correspondence: vkanmbi@yahoo.com1Institute of Public Health, Obafemi Awolowo University, Ile-Ife, Nigeria
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to 21.8% by 2020 [5]. The rate of reduction in childhood
stunting is still grossly inadequate to achieve the United
Nations’ Millennium Development Goal 1 (MDG1) of
eradicating extreme poverty and hunger by 2015 particu-
larly in Africa where stunting has stagnated since 1990
at about 40% and little improvement is anticipated [5].
Available data from the United Nations Children’s Fund
estimates that the prevalence of childhood stunting in
Nigeria at about 41% [6] which indicates that stunting
remains a major public health problem in the country
and constitutes a call for action.
Evidently, there exist variations in the patterns of
childhood stunting not only across various regions of
the world but also within and between local authorities,
regional space dimensions and/or countries. Monitoring
childhood stunting by measuring the impact of interven-
tions within the locality, region or country remains piv-
otal for performance evaluation of actions implemented
as against set Interventional set goals. This is expected
to help shore up the strategic implementation gaps by
helping to improve programme design and planning. For
ease of assessment and interpretations, data are graphic-
ally presented to aid the understanding of policy and de-
cision makers [7]. However, ‘how’, ‘where’, ‘when’ and to
‘whom’ health performance indicators are presented could
also determine their level of influence in decision making
processes and content. Among the commonly used graph-
ical techniques for presenting performance data are league
tables, control charts and spatial analyses [8].
Control charts are meant to differentiate between vari-
ation that is expected of a stable process (common-cause
variation) and variation that is not expected of a stable
process (special-cause variation). Common cause vari-
ation is the expected variation attributable to chance. It
is part of every process and affects everyone in that
process. In contrast, special cause variation is the excep-
tional variation not attributable to chance, but arising
from special circumstances and therefore not affecting
everyone in that process.
The developmental priorities and socially acceptable
health norms and practices in various regions and states
within Nigeria remain disaggregated and with this,
comes the challenge of being able to ascertain which of
the regions and states identifies with either high or low
childhood stunting to further investigate the risk factors
and make recommendations for action oriented policy
decisions. Considering the challenges of scarce public re-
sources, highlighting the states and regions with greater
risk variations in childhood stunting will without doubt
help direct appropriately the available resources for max-
imum impact health interventions. Therefore, the focal
point of this study was to examine and describe the vari-
ation between states using league table, control chart
and spatial clustering of childhood stunting.
Methods
Study design
This is a population-based cross-sectional study which
used data obtained from 2008 Nigerian Demographic
and Health Survey (DHS) [9].
Sampling technique
The survey used a two-stage cluster sampling technique.
The country was stratified into 36 States and the Federal
Capital Territory (FCT), Abuja. Administratively, Nigeria
is divided into States. Each State is subdivided into local
government areas (LGAs), and each LGA is divided into
localities. In addition to these administrative units, dur-
ing the 2006 population census, each locality was
subdivided into convenient areas called census enumer-
ation areas (EAs). The primary sampling unit (PSU),
referred to as a cluster for the 2008 Nigeria DHS, is de-
fined on the basis of EAs from the 2006 EA census
frame [9]. The 2008 Nigeria DHS sample was selected
using a stratified two-stage cluster design consisting of
886 clusters [9]. The first stage involved selecting 886
clusters (primary sampling units) with a probability pro-
portional to the size, the size being the number of
households in the cluster. The second stage involved the
systematic sampling of households from the selected
clusters. A representative sample of 36,800 households
was selected for the 2008 Nigeria DHS survey, with a
minimum target of 950 completed interviews per state
[9]. In each state, the number of households was distrib-
uted proportionately among its urban and rural areas.
Data collection
Data were collected by visiting households and conducting
face-to-face interviews to obtain information on demo-
graphic characteristics, wealth, anthropometry, female
genital cutting, HIV knowledge, and sexual behaviour.
Ethical consideration
This study is based on an analysis of existing survey data
with all identifier information removed. The survey was
approved by the Ethics Committee of the ICF Macro at
Calverton in the USA and by the National Ethics Com-
mittee in the Ministry of Health in Nigeria. All study
participants gave informed consent before participation
and all information was collected confidentially.
Variables
Outcome variable
Nutritional status was measured by height-for-age z-
scores (HAZ). A HAZ is the difference between the height
of a child and the median height of a child of the same age
and sex in a well-nourished reference population divided
by the standard deviation in the reference population.
Childhood malnutrition (stunting) was defined as height
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for age below minus two standard deviations from the me-
dian height for age of the standard World Health
Organization (WHO) reference population [10,11].
Statistical analyses
League table
We compared graphically childhood stunting for each
state, plotting the states in rank order. The uncertainty
associated with the ranks was then calculated by using
the simulation procedure described in the Marshall EC
[7]. League tables are used to display comparative rank-
ings of performance indicator scores for several similar
groups. They can be used to identify few groups whose
indicator scores are higher or lower than expected and
to show a range of variations between groups.
Funnel plot
We generated scatter plots of performance, as a percentage,
against the number of stunted under-fives (the denomin-
ator for the percentage). The mean state performance and
exact binomial 3 sigma limits were calculated for all
possible values for the number of cases and used to cre-
ate a funnel plot using the method described by
Spiegelhalter [12,13].
Exploratory spatial data analysis (ESDA)
Local measures of spatial association provide a measure
of association for each unit and help identify the type of
spatial correlation—these are implemented using the
Local Indicators of Spatial Association (LISA) [14,15].
The Local Moran's I is used as an indicator of local
spatial association. The local measure of Moran’s I is de-
fined as:
Ii ¼ n
n−1ð ÞS2 xi−xð Þ∑j wij xj−x
 
Where
 xi is the value of the childhood stunting at a
particular state,
 xj is the value of the childhood stunting at
another neighbouring state,
 x is the average childhood stunting,
 wij a weight that denotes the proximity between
states i and j,
 n the number of states, and
 S2 is the variance of the observed values of
childhood stunting
The Moran significance map builds on the Moran
scatterplot and incorporates information about the
significance of “local” spatial patterns. The Moran scatter
plot helps identify the nature of spatial autocorrelation
between states and can be categorized into:
 Spatial ‘hot spot’ clusters: high value of
childhood stunting in a state, neighbouring
states have high values of childhood stunting.
 Spatial outliers: low value of childhood stunting
in a state, neighbouring states have high values
of childhood stunting and high value of
childhood stunting in a state, neighbouring
states have low values of childhood stunting.
 Spatial ‘cold-spot’ clusters: low value of
childhood stunting in a state, neighbouring
states have low values of childhood stunting.
After computing the appropriate statistics from the
smoothed rates, a Monte Carlo Randomization (MCR)
procedure was used to recalculate the statistics from the
randomized data observations to generate a reference
distribution using 999 permutations [14,15]. The p-values
were computed by comparing the observed statistics to
the distribution generated by the MCR process and signifi-
cance level was set as .001 [14,15].
Software
Values for league table and ranking were generated in
WinBUGS [16]. Funnel plot was generated in Stata for
windows version 12 [17]. Exploratory spatial data ana-
lysis (ESDA) was implemented through the GeoDa soft-
ware [18,19].
Results
A total of 8,093 out of the 28,647 under-five children
included in the 2008 Nigerian DHS who were found to
be stunted (about 43.0% male and 38.4% female) were
assessed in this study.
League table
Figure 1 shows the estimated and ranking of childhood
stunting for each of the 37 states, together with the associ-
ated 95% confidence intervals (CIs). The percentage of
children with stunting ranged from 11.5% in Anambra
state to as high as 60% in Kebbi State. The same Figure 1
is showing the ranking of states with respect to childhood
stunting. Anambra and Lagos states had the least num-
bers; 11.5% and 16.8% respectively while Yobe, Zamfara,
Katsina, Plateau and Kebbi had the highest (with more
than 50% of their under-fives having stunted growth)
Funnel plot
As shown in Figure 2, there is a wide variation in the
percentage of stunting between the 37 states. The funnel
plot identifies only eight (22%) states within the 99%
control limits (demonstrating common-cause variation).
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Thirteen states (35%) were above the upper control limit
(higher than the national average) and sixteen (43%)
states were below the lower control limit (lower than the
national average), indicating special cause variation.
Spatial autocorrelation
Figure 3 shows the results of Local Moran I for childhood
stunting. The results show statistically significant spatial
autocorrelation between states (Moran's I = 0.775, p <
0.001), such that states in red colour belong to the hot spot
clusters and the states in blue belong to cold spot clusters.
Discussion
We examined the variation in childhood stunting in
Nigeria by using within-data analysis triangulation method
and found that there is a wide variation in the childhood
stunting in Nigeria, with twenty-eight states (78%) out of
the thirty-seven states in the country showing evidence of
special-cause variation which merits further investigation
to identify possible causes. However, about eight states
representing 22% are consistent with common-cause vari-
ation which is a variation that is consistent with and
within the national average (stable process). We found
that childhood stunting is highest in the northern part of
Nigeria.
Looking at the league table, it appears that childhood
stunting in Nigeria is highest in Kebbi, Plateau, Katsina,
Zamfara, Yobe, Sokoto, Jigawa, Gombe, Kaduna, Kwara,
Bauchi, Borno and Kano states. These states were also
the outliers identified through the funnel plots. This
Figure 1 Caterpillar’ plot of childhood stunting in Nigeria, 2008.
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implies from the control chart that the variations identi-
fied in these states were due to a ‘special cause’.
The ESDA identified Kebbi, Niger, Katsina, Zamfara,
Yobe, Sokoto, Jigawa, Gombe, Bauchi, Borno and Kano
states as the ‘hot spots’. These are states that share simi-
lar neighbourhood or area characteristics and have high
childhood stunting correlating with each other. The
findings of this study support those of other similar
studies which indicated that living in certain geograph-
ical areas has a negative effect on health outcomes
[1-3,20,21]. Results from ESDA were not significant for
Kaduna, Plateau and Kwara states. Kebbi, Niger, Katsina,
Zamfara, Yobe, Sokoto, Jigawa, Gombe, Bauchi, Borno
and Kano states were consistently identified from all
methods used. From this study, it seems that childhood
stunting is a key issue in the northern states and this
should call further investigation to understand the spe-
cial cause associated with these states when compared
with others.
However, Anambra, Lagos, Imo, Enugu, Abia, Rivers,
Bayelsa and Akwa Ibom states appear to have the lowest
childhood stunting in Nigeria—all three analytical
methods identified these states. The inference that could
be drawn from this study is that there are ‘special prac-
tices’ from these states that could be identified as good
practice. This should also warrant further studies to
Figure 2 Funnel plot of childhood stunting in Nigeria, 2008.
Figure 3 LISA cluster map for childhood stunting, 2008.
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identify what practices or process that are particular to
these states. However, one likely special practice that
may be responsible for the low level of childhood
stunting in some states in the southern part of Nigeria
could be the preschool/school feeding programmes of
some state governments in which proteinous foods are
given freely to pupils. Deeply rooted in poverty and
deprivation, stunting is a nutritional problem that affects
mainly developing countries like Nigeria with varied
levels of poverty rate and health deprivation index across
different geopolitical zones. Northern states have higher
poverty rates and health deprivation index than their
southern counterparts which may explain for the ob-
served variation seen in this study. Future studies should
examine the observed special-cause variation using the
generic pyramid model [22]. The generic pyramid model
is adapted from industry and comprised checking the
data first, then the case-mix, the resources and the work
process, and finally check the individual health care
practitioners [22]. Thus, the vast majority of problems
(95%) may be due to work system and not from individ-
ual healthcare practitioners [22].
A number of methods have been used for assessing
the performance and exploring the variation in
healthcare outcomes in the past [23-28]. These methods,
individually, have their shortcomings and consequently
lead to concerns on reliability and acceptance of results
from each of these methods. Most literatures have men-
tioned insufficient risk adjustments as a problem with
some methods [7,26,28]. Marshall and Mohammed [29]
explored the use of control charts in monitoring mortality
outcomes across hospitals in the United Kingdom. The
authors summed up their findings that case-mix adjust-
ments may not be essential for longitudinal monitoring.
The study can be criticized for using an indirect meas-
ure (synthetic life table) for measuring childhood stunting.
However, due to the fact that in low- and middle-income
countries, it is hard to obtain reliable data from birth reg-
isters; synthetic life table generated from cross-sectional
data could be considered a good proxy for childhood
stunting data. Teller et al. [30] were able to verify the val-
idity and reliability of the DHS for monitoring childhood
stunting in developing countries. These analyses give a
snapshot of childhood stunting in Nigeria using the 2008
DHS; in the course of further investigation of risk factors,
there is the need to report on trends with (statistical
significance) as well.
Despite these limitations, the study strengths are
significant. It is a large, population-based study with na-
tional coverage. In addition, data of the DHS are widely
perceived to be of high quality, as they were based on
sound sampling methodology with high response rates
of about 98%. To the best of our knowledge, this is the
first study to use ‘within data triangulation’ to explore
childhood stunting as a health outcome in sub-Saharan
Africa. The within-data triangulation was developed
using three different analytical methods, namely league
table, funnel plots and spatial cluster analysis. This has
potential to enhance the validation and reliability of our
analysis through cross verification of methods used.
Conclusions
Childhood stunting is high in Nigeria and varied signifi-
cantly across the different states. The northern states
have a higher proportion than the southern states. There
is an urgent need for studies that will explore factors
that may be responsible for these special cause variations
in childhood stunting in Nigeria.
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Abstract
Stunting, a form of undernutrition, is the best measure of child health inequalities as it captures multiple
dimensions of children’s health, development and the environment where they live. The aim of this study was to
quantify the predictors of childhood stunting in Nigeria. This study used data obtained from the 2008 Nigeria
Demographic and Health Survey (NDHS). A total of 28 647 children aged 0–59 months included in NDHS in
2008 were analysed in this study. We applied multilevel multivariate logistic regression analysis in which
individual-level factors were at the first level and community-level factors at the second level. The percentage
change in variance of the full model accounted for about 46% in odds of stunting across the communities. The
present study found that the following predictors increased the odds of childhood stunting: male gender, age
above 11 months, multiple birth, low birthweight, low maternal education, low maternal body mass index, poor
maternal health-seeking behaviour, poor household wealth and short birth interval. The community-level
predictors found to have significant association with childhood stunting were: child residing in community with
high illiteracy rate and North West and North East regions of the country. In conclusion, this study revealed that
both individual- and community-level factors are significant determinants of childhood stunting in Nigeria.
Keywords: under nutrition, childhood stunting, multilevel analysis, under-five children.
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Background
Linear growth retardation, commonly regarded as
stunting, is the best measure of child health inequali-
ties as it captures multiple dimensions of children’s
health, development and the environment where they
live (World Health Organisation 1995; Pradhan et al.
2003). Stunting is a form of under-nutrition in which
the linear growth retardation is due to poor nutrition,
infections and environmental problems, both prenatal
and postnatal (Grantham-McGregor et al. 2007).
Early occurrence of stunting is associated with poor
cognitive, motor and socio-psychological develop-
ment, and increased likelihood of mortality (Pelletier
et al. 1993; Pelletier and Frongillo 2003). Children suf-
fering from stunting are unable to reach their full
growth potentials and often become stunted adoles-
cents and adults later on (Martorell et al. 1994). The
consequences of stunting in adulthood are often func-
tional with its attendant reduced work capacity. (Spurr
et al. 1977) Stunted women have increased likelihood
of morbidity and mortality during childbirth for them-
selves and their babies (Habicht et al. 1973; Martorell
et al. 1981; Royston & Armstrong 1989).
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In 2004, it was reported worldwide that about one-
third of pre-school children were stunted, although
the global prevalence is on the decreasing trend from
about 47% in 1980 to between 30–40% in 2004 with
variations depending on geographic regions (de Onis
et al. 2004). Most of the progress in stunting reduction
that has been made in low- and middle income coun-
tries has been in Southeast Asia with little changes in
Sub-Saharan African, which bear the brunt of the
problem (de Onis et al. 2000). Research carried out in
1990 showed that in Nigeria, 43% of the under-fives
were stunted (de Onis et al. 1993) while in 2008, the
NHDS indicated that 41% of Nigerian children were
stunted (NPC and ICF Macro 2009). Comparing these
two studies, one would see that not much has changed
in the trend and it should be obvious that stunting in
the under-fives in Nigeria is still a major problem
needing solution. From studies carried out interna-
tionally, it is evident that childhood stunting is linked
to a number of environmental and socioeconomic
factors such as poverty (Madzingira 1995; Phimma-
sone et al. 1996; Hong et al. 2006; Van de Poel et al.
2007). Having access to health care services was also
found to be significant in determining nutritional
status of children as the children who did not have
access to health care facilities suffered mostly from
childhood stunting (Muhe et al. 1996; Van de Poel
et al. 2007; Monteiro et al. 2009). Some studies also
associated childhood stunting to poor sanitary condi-
tion of the households (El Taguri et al. 2009; Medhin
et al. 2010).
Previously published literatures on childhood
stunting in Nigeria are limited. Most of them exam-
ined few determinants [either socioeconomic factors
(Odunayo & Oyewole 2006), cultural factors (Esimai
et al. 2001) or environmental factors on their own, or
individual and community factors]; hence, effects of
confounding factors were not sufficiently looked into.
The studies on children’s nutritional status in Nigeria
were mostly carried out in urban areas with little
attention being paid to rural areas (Akaninwor et al.
1996; Ajayi and Akinyinka 1999; Ojo et al. 2000;
Abidoye & Ihebuzor 2001; Esimai et al. 2001; Ija-
rotimi & Ijadunola 2007) where about 70% of the
population lives. The 2008 Nigeria Demographic and
Health Survey (NDHS) has national representation
covering both rural and urban settings; it is new and
unexplored by researchers, specifically with respect to
stunting in under-five children.
Therefore, the aim of this study was to examine
individual- (child’s factors, maternal/household
factors) and community-level factors associated with
childhood stunting in a single analytical framework to
provide reliable and accurate information for policy-
making and programme design that aims at address-
ing nutritional deficiencies in under-five children.
Methods
Study design
This is population-based cross-sectional study which
used data obtained from 2008 NDHS.
Data source/sampling technique
This study was be based on 28 647 under-five children
included in the 2008 NDHS from which data from
18 286 households were taken. The main survey
included 24 880 households from rural areas and
11 418 households from urban areas. The country was
Key messages
• This study revealed the importance of examining individual and community-level factors’ influence on stunting
as a measure of childhood nutritional status in Nigeria.
• Almost 8% of the variance in the odds of childhood stunting could be attributed to the community-level
factors.
• Individual- (such as child’s age, sex, breastfeeding duration and household’s socioeconomic status) and
community-level factors (such as literacy level and geopolitical region) were independently associated with
childhood stunting, suggesting that interventions to reduce childhood stunting should focus more on high risk
places as well as high risk groups of children.
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divided by stratification into 36 states plus the Federal
Capital Territory, which were further divided into 774
local government areas all within the six geopolitical
zones to obtain a nationally representative sample
(NPC & ICF Macro 2009). Domain was set up and
each one consists of enumeration areas that was
established by the general population and housing
census conducted in 2006 (NPC & ICF Macro 2009).
The sampling frame was made up of a list of all enu-
meration areas (clusters) (NPC & ICF Macro 2009).
From each domain, a two-stage probabilistic sampling
method was used for the clusters selection. The first
stage involved choosing of 888 primary sampling units
(PSUs), 602 in the rural and 286 in the urban areas
with a probability proportional to the size (NPC &
ICF Macro 2009). A second stage of sampling fol-
lowed the first stage, which involved the systematic
sampling of households from the selected enumera-
tion areas (NPC & ICF Macro 2009).
Ethical consideration
Approval was granted for secondary analysis of exist-
ing data after the removal of all identifying informa-
tion of the respondents by the Ethics Committee of
the ICF Macro at Calverton in the United States in
conjunction with the National Ethics Committee of
the Federal Ministry of Health in Nigeria.
Study variable
Dependent variable
The dependent variable of this study was stunting
(yes = 1 or no = 0). Stunting was defined as height for
age z-score less than -2 standard deviations (HAZ <
-2 SD) from the median of the reference population
of World Health Organization (WHO Multicentre
Growth Reference Study Group 2006; de Onis et al.
2009). It indicates skeletal growth reduction because
of chronic under-nutrition.
Description of the independent variables
We included both individual- and community-level
predictors of stunting. The coding for each explana-
tory variable is given in Table 1. Full definitions of
some of the variables were also stated in the same
table. We used the term community to describe clus-
tering within the same geographical living environ-
ment. Communities were based on sharing a common
PSU within the DHS data.The unit of analysis for the
multilevel model was chosen for two reasons. First, in
the DHS sample, PSU was used to define the clusters.
Second, it has been shown that for most of the DHS
conducted, the sample size per cluster met the
optimum size with a tolerable precision loss. The bias
introduced by using cluster averages based on about
25 women as a proxy for the PSU population averages
is very small. (Kravdal 2006)
Statistical analysis
Descriptive analyses involved the use of numbers and
percentage for categorical variables to show the dis-
tribution of the outcome variables by the predictor
variables. Multivariate multilevel logistic regression
was used to analyse factors associated with childhood
stunting because of the hierarchical nature of the data
set. Four models were constructed for the analysis.
The first model, an empty model, was without any
explanatory variable i.e. simple component of vari-
ance analysis. The second model controlled for the
individual-level variables, the third model controlled
for community-level variables while the fourth con-
trolled for both the individual- and community-level
variables simultaneously. P-value of <0.05 was used to
define statistical significance.
Fixed effects (measures of association)
The fixed effects i.e. measures of association have
their results presented as adjusted odds ratio (OR)
with their corresponding 95% confidence intervals
(CIs) and P-values.
Random effects (measures of variation)
Measures of random effects included intracluster cor-
relation (ICC), median odds ratio (MOR) and pro-
portional change in variance (PCV) (Merlo et al.
2005a,b).The ICC was calculated by the linear thresh-
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old according to the formula used by (Snijders &
Bosker 1999) while MOR is a measure of unexplained
cluster heterogeneity. The method used for calculat-
ing MOR and PCV had been described elsewhere
(Larsen & Merlo 2005); (Merlo et al. 2005a,b).
The statistical analysis on the data was carried out
with the use of Stata (xtmelogit routine) statistical
software for Windows version 11.
Results
Descriptive analysis
Figure 1 shows the prevalence of childhood stunting
as estimated from the data set, which indicated that
7322 (25.6%) of under-five children have stunted
growth across the 37 states. The percentage of child-
hood stunting ranged from as low as 8.2% in Enugu
state to as much as 36.7% in Sokoto state.
Table 2 is a descriptive analysis that shows that the
prevalence of stunting was 35.0% in the age group
24–35 months while it was 14.2% in the age group
0–11 months, as reported. There is significantly higher
prevalence of childhood stunting among under-five
children who breastfed longer than usual, whose sex is
male, did not complete immunization and those who
were born with low birthweight. In the same vein,
childhood stunting is highest in children born to
mothers with low body mass index (BMI) status and
Table 1. Variables definition
Independent variables Description
Individual-level factors
Child factors
Age of child (months) Categorized into (1) 0–11; (2) 12–23; (3) 24–35; (4) 36–47; and (5) 48–59.
Sex of child Categorized into (1) female and (2) male.
Birthweight (g) Categorized into (1) low < 2500 and (2) normal 2500.
Type of birth Categorized into (1) single and (2) multiple birth.
Maternal/household factors
Maternal age in years Categorized into (1) 15–24; (2) 25–34; or (3) 35–49.
Educational level of mother Categorized into (1) no formal education; (2) primary; (3) secondary; or (4) higher.
Breastfeeding (months) Categorized into (1) <6; (2) 6–12; (3) 13–24; or (4) >24.
Immunization Categorized into (1) incomplete or (2) complete.
Mother’s body mass index (kg/m2) Categorized into (1) <18.5; (2) 18.5–24.9; or (3) 25.0.
Occupation Categorized into (1) not working; (2) manual; or (3) white collar.
Birth interval (months) Categorized into (1) 24 and (2) <24.
Number of under-fives Categorized into (1) 1; (2) 2; (3) 3; or (4) 4.
Ethnicity Categorized into (1) major or (2) minor.
Maternal health-seeking behaviour Categorized into (1) (first quantile) (Least); (2) (second quantile); (3)(third quantile); (4) (fourth
quantile); or (5) (fifth quantile) (Highest).
Type of family Categorized into (1) monogamous or (2) polygamous.
Head of household Categorized into (1) male or (2) female.
Wealth index Categorized into (1) (first quintile) (Poorest); (2) (second quintile); (3) (third quintile);
(4) (fourth quintile); or (5) (fifth quintile) (Richest)
Community-level factors
Residence Categorized into (1) rural or (2) urban.
Geographic region Categorized into (1) North Central; (2) North East; (3) North West; (4) South East; (5) South
South; or (6) South West.
Poverty rate Proportion of households living below poverty level (wealth index below 20%, poorest quintile).
Categorized into (1) Low or (2) High. Median value serves as the reference for the low and
high groups.
Illiteracy rate Proportion of people in the community with no formal education. Categorized into (1) Low or
(2) High. Median value serves as the reference for the low and high groups.
Unemployment rate Proportion of people who are unemployed in the communities. Categorized into (1) Low or
(2) High. Median value serves as the reference for the low and high groups.
Proper sanitation Categorized into (1) Yes or (2) No.
Safe water Categorized into (1) Yes or (2) No.
V.T. Adekanmbi et al.4
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whose mothers are not working. The prevalence is
highest in the under-fives whose parents were the
poorest with respect to wealth index status and those
that had no formal education. Children born to young
mothers (15–24 years) had the highest level of stunt-
ing. Furthermore, stunting was more prevalent with
under-five children who reside in rural areas and com-
munities with high poverty rate, unemployment rate
and no access to safe drinking water.
Multilevel analysis
Table 3 shows the results of multilevel models for
both individual- and community-level factors. With
all factors controlled for in the multilevel analysis,
child’s age was statistically significantly associated
with the odds of childhood stunting. Male children
were more likely to be stunted than female children
(adjusted OR 1.18; 95% CI 1.10–1.26, P < 0.001).
Children who are products of multiple births were
89% more likely to be stunted. Children born with
low birthweight were 21% more likely to be stunted.
Under-five children of mothers with the highest
health-seeking behaviour index were 22% less likely
to be stunted when compared with those from
mothers with the least health-seeking behaviour.
Children of mothers with low BMI (<18.5 kg/m2)
were 26% more likely to be stunted compared with
the children of mothers with normal BMI. Generally,
the odds of a child being stunted increases with
increasing breastfeeding duration after 6 months.
Children with shorter than usual birth interval were
19% more likely to be stunted. The odds of being
stunted decreases with increasing wealth index level.
When all the factors were controlled, the association
between childhood stunting, mother’s occupation and
immunization status, number of under-five children,
and household head were statistically not significant.
When other factors were controlled for in the model,
community-level illiteracy rate remained statistically
significantly associated with childhood stunting. For
communities with high illiteracy rate, the odds of a
Fig. 1. Percentage of stunted children across the 37 states, Nigeria 2008. Source: Prevalence data generated from Nigeria DHS 2008.
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Table 2. Prevalence of childhood stunting at various levels of independent variables
Variables and their values Stunted n = 7322
(25.6%)
Not stunted
n = 21 325 (74.4%)
Missing values
N (%)
Individual-level factors
Child factors
Age of child (months) 4289 (14.9)
0–11 820 (14.2) 4946 (85.8)
12–23 1819 (37.0) 3102 (63.0)
24–35 1584 (35.0) 2944 (65.0)
36–47 1631 (33.9) 3180 (66.1)
48–59 1468 (33.9) 2864 (66.1)
Sex of the child –
Male 3866 (26.5) 10 738 (73.5)
Female 3456 (24.6) 10 587 (75.4)
Type of birth –
Single birth 7058 (25.5) 20 627 (74.5)
Multiple birth 264 (27.4) 698 (72.6)
Birthweight (grams) 664 (2.3)
Low < 2500 1210 (28.5) 3029 (71.5)
2500 6000 (25.3) 17 744 (74.7)
Maternal/household factors
Mother’s age (years) –
15–24 1867 (25.8) 5382 (74.2)
25–34 3617 (25.6) 10 494 (73.4)
35–49 1838 (25.2) 5449 (74.8)
Educational levels –
No formal education 4287 (29.7) 10 131 (70.3)
Primary 1681 (25.7) 4871 (74.3)
Secondary 1181 (18.6) 5157 (81.4)
Higher 173 (12.9) 1166 (87.1)
Breastfeeding duration (months) 1679 (5.9)
<6 357 (7.6) 4365 (92.4)
6–12 1217 (19.4) 5049 (80.6)
13–24 5119 (33.3) 10 244 (66.7)
>24 293 (47.5) 324 (52.5)
Immunization –
Incomplete 3805 (30.5) 8658 (69.5)
Complete 3517 (21.7) 12 667 (78.3)
Maternal health-seeking behaviour index in quantiles 1996 (7.0)
Fifth quantile(highest) 984 (18.8) 4241 (81.2)
Fourth quantile 1188 (24.1) 3735 (75.9)
Third quantile 1536 (27.0) 4148 (73.0)
Second quantile 1446 (28.9) 3565 (71.1)
First quantile (least) 1771 (30.5) 4037 (69.5)
Mother’s body mass index (kg/m2) 680 (2.4)
<18.5 1129 (34.0) 2195 (66.0)
18.5–24.9 5006 (26.6) 13 801 (73.4)
25.0 1090 (18.7) 4746 (81.3)
Mother’s occupation 157 (0.6)
Not working 2387 (26.4) 6648 (73.6)
Manual 2522 (26.6) 7615 (76.3)
White collar 2370 (23.7) 6948 (73.4)
Birth interval (months) –
24 5880 (25.3) 17 392 (74.7)
<24 1442 (26.8) 3933 (73.2)
Number of children under-five
One 24 (2.2) 1090 (97.9) –
V.T. Adekanmbi et al.6
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child being stunted (OR 1.49; 95% CI 1.19–1.88,
P < 0.001) increased by 49%. Children whose parents
reside in the North East region were 35% more likely
to be stunted when compared with those from the
North central region.
Measures of variations
As shown in Table 4, with respect to the empty model
(the null model), there was a significant variation in
the odds of childhood stunting (t = 0.282, P < 0.001)
Table 2. Continued
Variables and their values Stunted n = 7322
(25.6%)
Not stunted
n = 21 325 (74.4%)
Missing values
N (%)
Two 1660 (22.8) 5633 (77.2)
Three 3049 (27.5) 8039 (72.5)
Four 2589 (28.3) 6563 (71.7)
Ethnicity 166 (0.6)
Major 4319 (25.7) 12 519 (74.4)
Minor 2954 (25.4) 8689 (74.6)
Types of family 1456 (5.1)
Monogamous 4427 (24.5) 13 636 (75.5)
Polygamous 2593 (28.4) 6535 (71.6)
Head of household –
Female 594 (22.3) 2074 (77.7)
Male 6728 (25.9) 19 251 (74.1)
Wealth index –
Fifth quantile (richest) 592 (15.6) 3216 (84.5)
Fourth quantile 1001 (21.0) 3754 (79.0)
Third quantile 1454 (25.9) 4155 (74.1)
Second quantile 1993 (29.0) 4878 (71.0)
First quantile (poorest) 2282 (30.0) 5322 (70.0)
Community-level factors
Residence –
Rural 5738 (27.3) 15 296 (72.7)
Urban 1584 (20.8) 6029 (79.2)
Regions –
North central 1336 (26.5) 3710 (73.5)
North east 1938 (29.6) 4621 (70.4)
North west 2402 (30.2) 5545 (69.8)
South east 327 (13.4) 2123 (86.6)
South south 611 (18.4) 2716 (81.6)
South west 708 (21.3) 2610 (78.7)
Poverty rate –
Low 3156 (21.9) 11 267 (78.1)
High 4166 (29.3) 10 058 (70.7)
Illiteracy rate –
Low 3031 (21.1) 11 347 (78.9)
High 4291 (30.1) 9978 (69.9)
Unemployment rate –
Low 3436 (23.9) 10 934 (76.1)
High 3886 (27.2) 10 391 (72.8)
Proper sanitation –
Yes 3553 (24.7) 10 829 (75.3)
No 3769 (26.4) 10 496 (73.6)
Safe water –
Yes 3286 (22.9) 11 056 (77.1)
No 4036 (28.2) 10 269 (71.8)
N, number of children; %, proportion (percentage).
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across the communities. The ICC indicated by the
estimated intercept component variance showed that
7.9% of the variance in the odds of childhood stunting
could be attributed to the community-level factors.
The variations in childhood stunting across commu-
nities remained statistically significant, even after
adjusting for individual and community-level
factors (full model). As determined by percentage
change in variance, the full model accounts for about
46.0% in the odds of childhood stunting across the
communities.
Results of the MOR also confirmed evidence of
community-dependent phenomenon modifying child-
hood stunting. The MOR for stunting was 1.66 in the
empty model; this relatively low MOR suggests that
the clustering effect was moderate. The unexplained
community heterogeneity in stunting decreased to an
MOR of 1.46 when individual- and community-level
factors were added to the empty model. Thus, there
are very little variations between communities in the
predisposition for being stunted.
Discussion
This study examined individual- and community-level
factors as significant determinants of childhood stunt-
ing using nationally representative survey data. It
confirms the importance of community variations
with respect to childhood stunting. Both individual-
and community-level factors in the final model
accounted for about 46% of the variations observed
for stunting. Children of age group 12–24 months
have the highest odds, which subsequently declined
after 24 months. This finding supports the findings of
two previous studies conducted by Kabubo-Mariara
et al. (2009) and Shrimpton et al. (2001), which
revealed a rapid fall in children’s height from birth to
24 months; although stunting processes after 24
months still continue, but at a much slower rate. This
could be as a result of weaning and lower breast
milk intakes, which make them prone to childhood
stunting.
The result of this study indicated that the sex of a
child is a strong determinant of stunting in under-five
children. Previous literature has reported an inconsis-
tent association between the sex of the child and
childhood stunting.While some studies have reported
that male children were more likely to be stunted,
others found that female children were more likely to
be stunted. However, one recent meta-analysis of
DHS from 16 sub-Saharan countries found that male
children were more likely to be stunted in most of the
countries studied (10 out of 16) (Wamani et al. 2007).
In this study, we found male children had higher odds
of being stunted compared with female children.
Previous studies in neonatology and in cohorts of
preterm under-fives showed both morbidity and mor-
tality to be consistently higher in males than females
in early life even after adjusting for gestational age
and body size, and this being more pronounced in the
preterm under-fives (Chen et al. 1993; Kilbride &
Daily 1998; Elsmen et al. 2004). An alternative expla-
nation could be as a result of preferential treatment of
females as a result of a high value placed on women
for agricultural labour in some cultures and this
supports the findings of other studies.(Cronk 1989;
Table 4. Results from random intercept model – measure of variation
Measures of variation Model 1* P-value Model 2† P-value Model 3‡ P-value Model 4§ P-value
Community-level
Variance (SE) 0.282 (0.025) <0.001 0.176 (0.024) <0.001 0.163 (0.023) <0.001 0.155 (0.021) <0.001
Explained variation (%) Reference 37.6 42.4 46.0
ICC (%) 7.9 5.1 4.8 4.6
MOR 1.66 1.50 1.49 1.46
Model fit statistics
DIC (-2 log likelihood) 32 055 22 538 22 487 22 466
SE, standard error; ICC, intracluster correlation; MOR, median odds ratio; DIC, deviation information criterion. *Model 1 is the empty model,
a baseline model without any determinant variable. †Model 2 is adjusted for individual-level factors. ‡Model 3 is adjusted for community-level
factors. §Model 4 is final model adjusted for both individual- and community-level factors.
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Sevedberg 1996). Findings of this current study is con-
sistent with the findings of other previous studies
(Madzingira 1995; Reed et al. 1996; Hong et al. 2006;
Kabubo-Mariara et al. 2009), which found that chil-
dren of multiple births are more likely to be stunted
than those of single births. This could be attributed
to inadequate breastfeeding, low birthweight and
competition for nutritional intake, which happen
more in children of multiple births than those of
single births.
The findings of this study support those of other
similar studies, which indicated that maternal educa-
tion has positive effect on childhood stunting (Hong
et al. 2006; Odunayo & Oyewole 2006; Pongou et al.
2006; Wamani et al. 2006; Ijarotimi & Ijadunola 2007;
Van de Poel et al. 2007; Semba et al. 2008; El Taguri
et al. 2009; Kabubo-Mariara et al. 2009; Monteiro et al.
2009). Mothers with formal education may be knowl-
edgeable of what to do to prevent childhood stunting
from occurring or lessen the degree if it occurs. Mater-
nal health-seeking behaviour index in this study was
found to have positive effect on childhood stunting,
which is consistent with findings of other similar
studies that examined the predictors of childhood
stunting (Pongou et al. 2006; Uthman 2009). Mother’s
BMI in this study revealed a significant association
with childhood stunting; this suggests that under-fives
whose mothers have low BMI are more likely to
suffer from childhood stunting. Similar finding has
been documented in some studies (Bhargava 1999;
Uthman 2009). However, one may argue that the
mother’s height will be a better parameter for assess-
ing this association; to the best of our knowledge, we
did not find any literature to support this. Prolonged
breastfeeding, particularly beyond infancy (>12
months), in this study was associated with childhood
stunting. This finding could be attributed to the fact
that most households are poor in developing coun-
tries and are unable to feed the children with
adequate and quality complementary foods. Hence,
they continue to practice solely exclusive breastfeed-
ing beyond 12 months without supplementation with
complementary foods (Larrea and Kawachi 2005;
Hong 2007; Van de Poel et al. 2007). There is also the
possibility that some of the children that are breastfed
for longer than normal duration refused other foods
apart from breast milk as evidenced by a study con-
ducted in Ghana (Brakohiapa et al. 1988).
In addition, findings of this study revealed that
under-five children from less wealthy households
have greater odds of being stunted than under-fives
from the wealthy households. Similar results were
documented in previous studies carried out in differ-
ent developing countries, which gives further proof
that poverty is a significant predictor of childhood
stunting (Hong et al. 2006; Odunayo & Oyewole 2006;
Pongou et al. 2006; Hong 2007; Van de Poel et al. 2007;
Hien & Kam 2008; Semba et al. 2008; Kabubo-
Mariara et al. 2009; Monteiro et al. 2009; Ramli et al.
2009). Levels of socioeconomic status of a household
are vital as it often determines the availability of good
and nutritious foods for the growth and development
of children. Moreover, under-five children from
poorer households in most developing countries like
Nigeria where a publicly funded health care system is
not practised would lack access to good and basic
health care services when they fall ill.
Using multilevel method of analysis for this study
allowed variations in childhood stunting among dif-
ferent communities to be fully accounted for by con-
textual effects (area or neighbourhood of residence
effects) rather than compositional effects (individual
characteristics effects), although the variations among
different communities with respect to the odds of
having childhood stunting were found to originate
mainly from variations in individual-level factors.
These findings are consistent with most studies that
have tried to differentiate contextual effects from
compositional effects (Frohlich et al. 2002; Subrama-
nian et al. 2003) and supports a major role for
community-level phenomenon as a strong influence
on childhood stunting. This study therefore supports
the growing body of evidence advocating that
community-level factors, on their own, exert a signifi-
cant influence on individual-level factors (Macintyre
et al. 1993; Pickett and Pearl 2001).
Study strengths and limitations
One of the strengths of this study is the representa-
tiveness of the data from the multistage sampling
technique used, which makes the findings of the study
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to be relevant to the study population and also gen-
eralizable if applied to similar populations. An impor-
tant strength of the study is it being population-based
study with a large sample size and a participants’
response rate of over 98%. Another important
strength of this study is the small amount of missing
data in virtually all the variables used apart from the
child’s age group category. In addition, another
important strength of this study is using multilevel
analysis in this study has made it possible to reveal
other factors beyond individual-level factors that
were responsible for the variations in childhood
stunting; which the typical one-level model would not
be able to reveal. Lastly, the NDHS data set, being the
best data available in Nigeria and is used by both
national and international agencies, gives credibility
to the worthiness of this study.
An important limitation of this study is the cross-
sectional nature of the study, which cannot be used as
a good measure of causal relationship. Hence, strong
conclusions cannot be drawn with respect to the aeti-
ology of childhood stunting. The selection of multi-
level units in this study could be a source of selection
bias. We included only two levels (children – level 1
and community – level 2). The multilevel analysis can
be performed at more finite levels, namely child (level
1), maternal (level 2) and community (level 3).
However, the DHS was not designed for such strati-
fication. Another limitation of this study is the diffi-
culty in obtaining income and expenditure data for
measuring wealth status in developing countries like
Nigeria; therefore, an asset-based index is the only
feasible alternative for measuring household wealth
status. Lastly, there is an absence of dietary consump-
tion data and other health care indicators such as
morbidity data to substantiate the findings.
Policy implications
The findings from this study have some relevant
policy implications. There is a clear need for interven-
tion to reduce economic inequalities and ultimately
poverty among the populace. Adult literacy pro-
grammes with special focus on child’s health and
nutrition should be organized particularly for women
in communities with a high illiteracy rate as a short-
term solution aimed at increasing low literacy level in
Nigeria. In addition, governments of developing
countries should ensure that female children are
given appropriate formal education as a long-term
measure. All of these will ultimately help equip
uneducated mothers with knowledge on how to
prevent stunting from occurring. Any intervention by
governmental and non-governmental organizations
that aim at improving under-five children’s nutritional
status should consider regions with a high rate of
childhood stunting so as to avert under-coverage of
the regions that deserve it. Nutritional intervention
programmes like the therapeutic feeding and nursery
school feeding programmes should be established and
be directed specifically towards higher risk groups
such as male under-fives, children born to non-
educated or less-educated mothers, children who are
products of multiple birth, and children who reside
where there is a high illiteracy rate. This will at least
lessen the degree of linear growth retardation in those
who are already experiencing childhood stunting.
Furthermore, interventions directed at subsidizing
consumptions particularly for under-five children
should be instituted by both governmental and non-
governmental agencies in Nigeria and other develop-
ing countries. Establishment of public service fees
especially health service fees for the less wealthy
and poor in the society who are unable to pay for
services would also be of tremendous help at lessen-
ing the degree of growth retardation in the sufferers.
Moreover, provision of free health care for preg-
nant mothers, new mothers and young children, as
being carried out in Sierra Leone, can serve as
important policy alternative. Lastly, future studies
should be conducted, which can be used for establi-
shing causal relationships and will also include
morbidity factors.
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Abstract
Background: Under-5 mortality is a major public health challenge in developing countries. It is essential to identify
determinants of under-five mortality (U5M) childhood mortality because these will assist in formulating appropriate
health programmes and policies in order to meet the United Nations MDG goal. The objective of this study was to
develop a predictive model and identify maternal, child, family and other risk factors associated U5M in Nigeria.
Methods: Population-based cross-sectional study which explored 2008 demographic and health survey of Nigeria
(NDHS) with multivariable logistic regression. Likelihood Ratio Test, Hosmer-Lemeshow Goodness-of-Fit and
Variance Inflation Factor were used to check the fit of the model and the predictive power of the model was
assessed with Receiver Operating Curve (ROC curve).
Results: This study yielded an excellent predictive model which revealed that the likelihood of U5M among the
children of mothers that had their first marriage at age 20-24 years and ≥ 25 years declined by 20% and 30%
respectively compared to children of those that married before the age of 15 years. Also, the following factors
reduced odds of U5M: health seeking behaviour, breastfeeding children for > 18 months, use of contraception,
small family size, having one wife, low birth order, normal birth weight, child spacing, living in urban areas, and
good sanitation.
Conclusions: This study has revealed that maternal, child, family and other factors were important risk factors of
U5M in Nigeria. This study has identified important risk factors that will assist in formulating policies that will
improve child survival.
Background
Childhood mortality is a prominent public health issue.
Globally, mortality in under-five age children is about 9
million deaths per year and 70% are preventable which
makes this an important public health problem to inves-
tigate [1]. In one of the series on child survival pub-
lished on Lancet, childhood mortality was described as
public-health disaster [2]. Children in developing coun-
tries are 10 times as more likely to die before their fifth
birthday compared to those in developed countries [1].
The gap in childhood mortality between developed
nations and developing nations has been increasing over
a long period of time [3]. In response to the burden of
childhood mortality in sub-Saharan Africa countries,
United Nations and World Health Organization (WHO)
has incorporated reduction of childhood mortality by
two-third by the year 2015 as one of its Millennium
Development Goals (MDGs).
Identifying determinants of under-five mortality
(U5M) is essential for formulating appropriate health
programmes and policies in order to meet the United
Nations MDG goal (i.e. to reduce childhood mortality
by two-third by 2015). Several studies have been con-
ducted to identify the determinants of U5M. Studies
have identified strong associations between maternal
factors and childhood mortality. Maternal age has been
shown to have a strong association with child survival
[4-8]. However some of these studies did not consider
certain important covariates such as sanitation, immuni-
zation, breastfeeding and previous child deaths in their
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research which might have confounding effect. Studies
have also shown that children of educated mothers will
survive better than children of non-educated mothers
[5,9-15]. However another author has reported that
maternal education has little or no effect on child survi-
val [16].
Birth interval has been identified by numerous studies
as a major determinant of childhood mortality
[4,7,9,13,17-20] although not all of these studies have
considered potential confounders like breastfeeding,
intra-familial mortality risks (survival status of preceding
child), and multiple pregnancy etc. Grand multiparity
has been revealed to have a negative effect on child sur-
vival [10,15] Similarly, large family size has also been
indicated to have a close association with poor rates of
child survival. This was explained by increased intra-
familiar competition for foods and other limited
resources essential for child survival [13,19]. Availability
of accessible health care services have been reported to
have an inverse relationship with childhood mortality
[4,10,21,22]. Despite these preponderance of evidence
about the determinants of childhood mortality from dif-
ferent parts of the world, the majority of the studies did
not consider the potential effects of some of the impor-
tant confounders in their analyses [4-9,13,18,20]. More-
over, there are few good studies from Nigeria and most
of which did not use national representative data
[23-28]. Thus, the generalizability of the results is a ser-
ious problem in a country like Nigeria because of her
diversity. The most recent national representative 2008
Nigerian Demographic and Health Survey (NDHS) [29]
has estimated U5M rate at 157 children per 1,000 live
births compared to their counterpart in the United
Kingdom (England and Wales) which was said to be 2.8
children per 1,000 live births [30]. It means that 1 out
of 6 children will before their fifth birthday in Nigeria
[29]. It is therefore important to the explore the latest
Nigeria Demographic and Health Survey data to identify
the determinants responsible for the persistently high
under-5 mortality in Nigeria. The objective of this study
was to develop a predictive model and identify maternal,
child, family and other risk factors associated U5M in
Nigeria.
Methods
Setting
Nigeria is situated in the West Africa region with a
total area of 923,768 kilometre square (km2), making it
the fourteenth largest countries in Africa. Nigeria is
lying between longitudes 2°40’ and 14°41’ E and lati-
tudes 4°16’ and 13°53’ N. Nigeria shared boundary
with Niger at the northern part, Benin Republic at the
western part, Cameroon at the eastern part and the
Atlantic Ocean at the southern part of the country.
Nigeria is the most populous country in Africa and the
most populous blacks’ nation in the world. Nigeria
population census 2006 was estimated at 140,431,790
with national growth rate of 3.2% per annum. The
population density of Nigeria was estimated at 150
people per square kilometre. The country has over 250
ethnic groups [31,32] with varying languages and cus-
toms, creating a country of rich ethnic diversity. The
ethnic groups are the Fulani/Hausa, Yoruba and Igbo
accounting for 68% of the population while the Edo,
Ijaw, Kanuri, Ibibio, Ebira, Nupe and Tiv comprise
27%. The remaining minorities accounted for the 5%.
According to 2008 National Demographic and Health
Survey, [29] children under -five accounted for 17.1%
of the Nigeria population which makes every unit
change in mortality to reflect great effect in the popu-
lation. Also 33% of the total population is situated
urban areas while 67% of the population were residing
in rural areas. It has a GDP of about 200 billion Uni-
ted States dollars [33].
Study design
This is a secondary analysis of population-based cross-
sectional study which investigated the roles of child,
maternal, paternal, family and other factors in U5M in
Nigeria using the 2008 National Demographic and
Health Survey data.
Sampling technique
Detail information about the sampling technique that
was applied for the data collection had been published
in the final report of 2008 NDHS [29]. The NDHS was
designed to yield a national representative data. Nigeria
is made up of 36 states and Federal Capital Territory
(FCT). Both states and FCT are subdivided into local
government areas while each local government com-
prises of localities. The cluster unit was provided by the
National Population Commission, based on the 2006
national census and is called a census enumeration area.
Each locality comprises of census enumeration areas
while each census enumeration area has at least 80
households (400 population). Stratified two-stage cluster
randomised design was applied. The first stage was the
allocation of 888 clusters among all the states and FCT.
They were allocated among the states and FCT based
on their size and rural/urban areas. The rural areas have
602 clusters while the urban areas got 286 clusters.
Sample frame of households in each selected cluster was
obtained and these households were randomly sampled
from. At the end, the sampling procedure randomly
selected a total of 36,800 households for an interview
with a minimum of 950 and 41 households for interview
in each state and cluster respectively. All women in
each household within the age of 15-49 were
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interviewed; also all men age 15-59 in approximately
half of the sampled households (16,800) were
interviewed.
Data collection
Detail information about the data collection and ques-
tionnaires has been published in the final report of 2008
NDHS [29]. Three types of questionnaires (household,
women’s and men’s questionnaires) were used and face-
to-face interviews were conducted. All women age 15-49
in each of the selected household were interviewed
while all men within the age 15-59 in approximately
half of the sampled households (16,800). Information
was obtained about the children and their mothers and
household. Retrospective information was taken about
under-5 children that died in the last five years i.e. from
2003 to 2008. The exercise started in June 2008 and was
completed in October 2008.
Ethical consideration
Ethical approval for this project was obtained from Ethi-
cal Committee of ICF at Calverton, Maryland, USA and
National Ethic Committee in Federal Ministry of Health,
Abuja, Nigeria.
Outcome variables
Each woman interviewed in the survey was asked to
provide a detailed history of all her live births in
chronological order. Under-five mortality was defined
as the probability of dying before completing the fifth
birthday.
Explanatory variables
Selection of explanatory variables was based on previous
studies [5,7,9,10,13,15,18,34-42] it is important to men-
tion that analytical framework for child survival in
developing country also gave good insight about the
selection of the explanatory variables [43]. The following
factors were included in the study: Maternal (current
age, education, occupation, parity, marital status, age at
first marriage, family planning, preceding birth interval,
breastfeeding and health seeking behaviour) Childhood
(sex, birth order, birth weight); Household (family size,
sanitation number of wives, wealth index, fuel and water
sources); Paternal factors (age, occupation); and other
factors (place of residence, ethnicity and geopolitical
region). The asset-based approach was used to asses
wealth index. Also, we generated health seeking beha-
viour by combining 5 variables (having health care card,
attended antenatal care, delivered in a health facility,
knowledge of oral rehydration solution and received
anti-tetanus) with the aid of Principal Component Ana-
lysis (PCA).
Statistical analysis
Recoding and renaming were done for both Indepen-
dent and dependent variables. One survival outcome
variable was generated. Descriptive analysis of the vari-
ables was done. Univariable logistic regression was used
to examine the association between the explanatory vari-
ables and the dependent outcome. Only explanatory
variables that were statistically significant (P-value =
0.05) were incorporated into multivariable logistic
regression. Likelihood Ratio test (LHR test) was used to
test for the goodness of fit of the model. Receiver Oper-
ating Curve (ROC) was employed to examine the pre-
dictive power of the model. Hosmer-Lemeshow
goodness-of-fit was used to examine the fitness of the
model. Variance Inflation Factor (VIF) was used to
check for multicollinearity. Predictive and complexity
characteristics of the model were considered during
modelling. Stata 11 software package was used for the
analysis.
Results
Sample characteristics
Out of all the 28,647 children delivered by 28,647
mothers, 3,201 of these children died before their fifth
birthday. This survey retrospectively covered from the
year 2003 to 2008. Over 50% of the mothers interviewed
have no former education and more than one quarter of
them married before the age of 15 years. Use of contra-
ception method is still a major problem in Nigeria, close
to 90% of the mothers interviewed were not using any
type of family planning methods.
Over 70% of the respondents were living in rural areas
and approximately 90% of households were using coal,
charcoal and wood for their cooking. The majority of
the households have no toilet facility and only 10.5%
have modern toilet facilities. More than 50% of people
interviewed were poor and did not have access to safe
water supply. Over 80% of the mothers interviewed have
adopted birth interval of ≥ 18 months between their
deliveries. Similarly, it was found that over 80% of the
children were breastfed for more than 6 months. How-
ever approximately, one-third of the mothers were
unemployed while almost half of the fathers interviewed
were farmers and about two-third of them were having
monogamous families. The result is shown Table 1
Univariable analyses
The results of univariable (unadjusted) analyses are
shown in Table 2. Illiteracy, multi-parity and early preg-
nancy were inversely related to child survival. Odds of
U5M among the children of mothers that have primary
and secondary/higher education reduced by 17% and
42% respectively compared to children of mothers with
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Table 1 Statistical summary of the explanatory variables
EXPLANATORY VARIABLES SUMMARY
NUMBER PERCENTAGE (%)
Maternal factors
Maternal education
No education 1,4418 50.3
Primary 6,552 22.9
Secondary or higher 7,677 26.8
Maternal occupation
Not working 9,035 31.7
Business or cleric 9,985 35.1
Manual 9,470 33.2
Parity
1 3,061 10.7
2, 3 and 4 13,759 48.0
≥ 5 11,827 41.3
Marital status
Never married 506 1.8
Currently married 27,378 95.6
Formerly married 762 2.7
Maternal age
≤ 20 years 3,319 11.6
21-25 years 6,787 23.7
26-30 years 8,157 28.5
31-35 years 5,043 17.6
> 35 years 5,341 18.6
Maternal age at first marriage
< 15 years 7,967 28.3
15-19 years 12,706 45.2
20-24 years 5,243 18.6
≥ 25 years 2,225 7.9
Family planning
No method 24,952 87.1
Folkloric/traditional 1,072 3.7
Modern 2,647 9.2
Preceding birth interval
< 18 months 1,719 7.4
18-36 months 12,634 54.3
> 36 months 8,902 38.3
Breastfeeding
< 6 months 4,722 17.5
6-12 months 6,266 23.2
> 12-18 months 8,629 32.0
> 18 months 7,351 27.3
Health seeking behaviour
Very low 6,860 25.7
Low 8,862 23.3
Average 5,704 21.4
Good 5,224 19.6
Child factors
Sex
Male 14,604 51.0
Female 14,043 49.0
Table 1 Statistical summary of the explanatory variables
(Continued)
Birth order
1, 5, 353 18.7
2, 3 or 4 13,069 45.6
≥ 5 10,225 35.7
Birth weight
Large 13,012 46.5
Average 10,732 38.4
Small 4,239 15.1
Household factors
Family size
1-5 11,557 40.3
> 5 17,090 59.7
Sanitation
Good toilet 2,955 10.5
Bad toilet 25,136 89.5
Fuel sources
Gas 250 0.9
Kerosene 3,606 12.7
Other 24,518 86.4
No of wives
One wife 18,063 66.4
Two or more wives 9,128 33.6
Wealth index
Poor 14,475 50.5
Middle 5,609 19.6
Rich 8,563 29.9
Water source
Safe water 13,021 46.3
Unsafe water 15,122 53.7
Paternal age
< 22 years 264 1.0
22-30 years 5,453 20.3
> 30-40 years 10,854 40.4
> 40-50 years > 50 years 7,011 26.0
3,277 12.2
Paternal occupation
Business or cleric 7,815 28.1
Farming 12,645 45.5
Manual 7,312 26.3
Others factors
Residence
Rural 21,034 73.4
Urban 7,613 26.6
Ethnicity
Major 16,838 59.1
Minor 11,643 40.9
Region
North central 5,046 17.6
North east 6,559 22.9
North west 7,947 27.7
South east 2,450 8.6
South west 3,327 11.6
South south 3,318 11.6
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Table 2 Result of univariable analysis logistic regression
for under-5 mortality
EXPLANATORY VARIABLES
OR P-value (C.I)
Maternal factors
Maternal education
No education 1.00 - (-)
Primary 0.83 0.001 (0.76-0.91)
Secondary or higher 0.58 0.001 (0.53-0.64)
Maternal occupation
Not working 1.00 - (-)
Business or cleric 0.96 0.380 (0.88-1.05)\
Manual 1.02 0.683 (0.93-1.12)
Parity
1 1.00 - (-)
2, 3 and 4 1.60 0.001 (1.37-1.87)
≥ 5 2.31 0.001 (1.98-2.70)
Marital status
Never married 1.00 - (-)
Currently married 1.38 0.047 (1.00-1.90)
Formerly married 2.04 0.001 (1.41-2.96)
Maternal age
≤ 20 years 1.00 - (-)
21-25 years 0.83 0.006 (0.73-0.95)
26-30 years 0.80 0.001 (0.71-0.91)
31-35 years 0.86 0.024 (0.75-0.97)
> 35 years 0.99 0.837 (0.87-1.24)
Maternal age at first marriage
< 15 years 1.00 - (-)
15-19 years 0.80 0.001 (0.74-0.87)
20-24 years 0.67 0.001 (0.60-0.75)
≥ 25 years 0.61 0.001 (0.52-0.72)
Family planning
No method 1.00 - (-)
Traditional 0.45 0.001 (0.35-0.58)
Modern 0.55 0.001 (0.47-0.65)
Health Seeking Behaviour
Low 1.00 - (-)
Average 1.17 0.001 (1.07-1.27)
High 0.55 0.001 (0.50-0.62)
Preceding birth interval
< 18 months 1.00 - (-)
18-36 months 0.49 0.001 (0.43-0.56)
> 36 months 0.30 0.001 (0.26-0.34)
Breastfeeding
< 6 months 1.00 - (-)
6-12 months 0.27 0.001 (0.24-0.30)
> 12-18 months 0.10 0.001 (0.08-0.11)
> 18 months 0.10 0.001 (0.08-0.11)
Child factors
Sex
Male 1.00 - (-)
Female 0.87 0.001 (0.81-0.93)
Table 2 Result of univariable analysis logistic regression
for under-5 mortality (Continued)
Birth order
1, 1.00 - (-)
2, 3 or 4 0.87 0.011 (0.79-0.97)
≥ 5 1.25 0.001 (1.12-1.38)
Birth weight
Average 1.00 - (-)
Large 0.91 0.022 (0.83-0.99)
Small 1.39 0.001 (1.38-1.70)
Paternal & Family factors
Family size
1-5 1.00 - (-)
> 5 0.77 0.001 (0.71-0.80)
Sanitation
Good toilet 1.00 - (-)
Bad toilet 1.98 0.001 (1.69-2.31)
Fuel source
Gas 1.00 - (-)
Kerosene 1.48 0.193 (0.82-2.69)
Others 2.66 0.001 (1.49-4.76)
No of wives
One wive 1.00 - (-)
More wives 1.35 0.001 (1.25-1.46)
Wealth index
Poor 1.00 - (-)
Rich 0.69 0.001 (0.64-0.74)
Water source
Unsafe water 1.00 - (-)
Safe water 0.76 0.001 (0.70-0.82)
Paternal age
< 22 years 1.00 - (-)
22-30 years 1.27 0.285 (0.82-1.96)
> 30-40 years 1.23 0.339 (0.80-1.90)
> 40-50 years 1.28 0.260 (0.83-1.98)
> 50 years 1.67 0.022 (1.08-2.59)
Paternal occupation
Business/cleric 1.00 - (-)
Farming 1.18 0.001 (1.08-1.29)
Manual 1.01 0.896 (0.91-1.12)
Other factors
Residence
Rural 1.00 - (-)
Urban 1.53 0.001 (1.40-1.68)
Ethnicity
Minors 1.00 - (-)
Majors 1.02 0.546 (0.95-1.10)
Regions
North central 1.00 - (-)
North east 1.29 0.001 (1.15-1.45)
North west 1.37 0.001 (1.22-1.53)
South east 1.15 0.080 0.918 (0.98-1.34)
South west 0.99 0.001 (0.86-1.15)
South south 0.64 (0.54-0.75)
*** means variables omitted by StataIC 11 software package
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no education. The likelihood of U5M among the chil-
dren of mothers of parity of 2-4 and ≥ 5 increased by
60% and 131% respectively compared to children of nul-
liparous women; while odds of U5M among the children
of mothers within the age of 21-25 years, 26-30 years
and 31-35 years were reduced by 17%, 20% and 14%
respectively compared to the children of mothers at the
age of 20 years and below. Likelihood of U5M in chil-
dren of mothers that were currently married and those
that were formerly married increased by 38% and 104%
compared to children of mothers that have never
married.
Before controlling for other factors, maternal age at
the first marriage was also found to have significant
effect on U5M; the likelihood of U5M among the sib-
lings of mothers that married at the age of 15-19 years,
20-24 years, and ≥ 25 years were found to reduce by
20%, 33% and 39% respectively compared to mothers
that married before the age of 15 years. Similarly, odds
of U5M among the children of mothers that embraced
traditional and modern methods of contraception
reduced by 55% and 45% respectively compared to
mothers that did not use any contraception.
We found that health seeking behaviour has an impact
on child survival; odds of having U5M among the sib-
lings of mothers with the best health seeking behaviour
reduced by 45% while those with average health seeking
behaviour increased by 17% compared to the children of
mothers with the worst health seeking behaviour. Ade-
quate preceding birth interval, exclusive breastfeeding
have protective effects on child survival. Likelihood of
U5M among the siblings of mothers with a preceding
birth interval of 18-36 months and > 36 months reduced
by 51% and 70% respectively compared to mothers with
a preceding birth interval of < 18 months. Being
breastfed for 6-12 months, > 12-18 months and > 18
months reduced odds of U5M by 73%, 90%, and 90%
respectively compared to children that were breastfed
for < 6 months.
In the unadjusted analyses, being a female reduced
odds of U5M by 13% while having birth order of 2-4
decreased odds of U5M by 13% but birth order of ≥ 5
increased its by 25% compared to children having birth
order of one. Likelihood of U5M in children with low
birth weight increased by 39% while that of large birth
weight reduced by 9% compared to children that have
normal birth weight.
Bad toilet facilities, cooking fuel and polygamous
families were found to have positive association with
U5M before considering other factors. Homes with bad
toilet facilities increased odds of U5M by 98% compared
to homes with good toilet facilities. Similarly, living in
homes that were using charcoal as fuel source increased
odds of U5M by 166% compared to those using gas. In
similar manner, polygamous families increased odds of
U5M by 35% compared to children from monogamous
families.
Wealth, safe water and small family size were found to
have protective effects on U5M before adjusting for all
other factors. Likelihood of U5M in children from rich
families reduced by 31% compared to children from
poor family while safe water reduced odds of U5M by
24% compared to unsafe water. Families of 5 members
or less decreased likelihood of U5M by 23% compared
to families having > 5 members. Moreover, odds of
U5M in rural areas increased by 53% compared to
urban areas while odds of U5M were noticed to vary
across the regions; in North East and North West it was
observed to increase by 29% and 37% respectively but
reduced by 36% in the South compared to North
Central.
Multivariable results
The results of multivariable analyses, where all factors
were controlled for are shown in Table 3. Effect of mater-
nal age at first marriage remained statistically significant.
The likelihood of U5M among the siblings of women
who married at age 20-24 years and ≥ 25 years declined
by 20% and 30% respectively compared to women who
married below age 15 years. Similarly, use of contracep-
tion, preceding birth interval and breastfeeding were
found independently to have protective effects on U5M.
The likelihood of U5M in children of mothers that were
using a folkloric or traditional method of contraception
reduced by 31% compared to children of mothers that
did not embrace the use of contraception. Odds of U5M
in children with 18-36 months and > 36 months of birth
intervals reduced by 70% and 91% respectively compared
to those delivered within birth interval < 18 months.
These effects have trend. Breastfeeding found to reduce
the odds of under-5 mortality by 57% in those that were
breastfed for more > 18 months compared to those that
were breastfed for < 6 months.
Birth order, toilet facility and birth weight of the chil-
dren were independently associated with the U5M.
Odds of U5M among children with low birth weight at
birth increased by 31% compared to children with nor-
mal birth weight. Also the likelihood of U5M in homes
with bad toilet facilities increased by 77% compared to
homes with good toilet facilities. Similarly, odds of U5M
in children with birth order of 2-4 increased by 93%
compared to children with birth order of one. Despite
the adjustment for confounders the independent effect
of health seeking behaviour of the mother on child sur-
vival has shown that odds of U5M among the children
of mothers with average health seeking behaviour
reduced by 94% compared to children of mothers with
worst health seeking behaviour.
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Furthermore, in the multivariable model, large
family size, residing in rural areas and having more
than one wife, have negative impacts on child survi-
val. It was found that residing in rural areas increased
odds of U5M by 53% compared to children living in
urban settlements. Similarly, Odds of U5M in chil-
dren from families with more than 5 members
increased by 254% compared to children from
families with less than 5 members. In the same man-
ner, having more than one wife has been shown to
have positive associations with U5M. Odds of U5M
increased by 47% in polygamous families compared to
monogamous families. Child survival in different
regions also varied. The likelihood of under-5 mortal-
ity in children living in South East, Nigeria reduced
by 54% compared to children that were living in the
North central part of Nigeria when other confounders
have been considered. Contrary to expectation, the
likelihood of U5M in children living in homes where
kerosene and charcoal were sources of energy
reduced by 48% and 72% respectively compared to
those using gas.
Model fit and Predictive power of the models
Likelihood ratio test (LHR test) and Hosmer-Lemeshow
goodness-of-fit were used to examine the fitness of the
model. None of these raise any question concerning the
fitness of the models. Variance inflation factor (VIF) was
employed to check for multicollinearity. None of the
VIF values were up to 10 and the mean VIF of the
model was less than 6. It means there was no collinear-
ity in the model (see additional file 1). Figure 1 shows
the Receiver Operating Curve (ROC Curve). Area under
the ROC curve was greater than 90% which means that
the predictive power of the model was perfect. The posi-
tive predictive value was 66.7% and the negative predic-
tive value was 96.4%.
Discussion
The outcome of this study has shed more light on risk
factors of U5M in Nigeria. This study has attempted to
control for the effects of potential confounders by incor-
porating many factors into the analyses without over-
modelling. Maternal age at first marriage was found to
have an inverse relationship with U5M. This result
shows that children of mothers that started childbearing
at an early age were more prone to experience U5M
more than those that commenced at an older age. This
problem is now more pronounced because younger
mothers formerly derived supports from mother in-laws
and relatives that will stay with them for a long period
of time but due to the economic crisis, this tradition has
been eroded so young inexperience mothers have to
take care of their children by themselves. Effect of
maternal age at first marriage is consistent with other
previous studies [18,44].
The likelihood of U5M reduced in children of mothers
that embraced the use of contraception. This study
revealed that U5M were less likely to occur in children
of mothers that adopted folkloric or traditional method
of contraception than those that were not using any
contraception. Contraception has a way of militating
against incidence of unwanted pregnancy and it
enhances adequate child spacing. It ensures that only
children that were planned for will come to life and
these will improve their survival. This relationship did
not contradict what prior studies have reported [8,13].
Birth interval was another important predictor of child
survival. It has negative relationship with U5M. As child
spacing increased, the likelihood of U5M reduced. This
result supported what prior studies have reported [4,7].
Possible explanation for this is that mothers that waited
for more than 18 months before having the next baby
would have regained most body nutrients and blood loss
during previous pregnancy and breast feeding. It is also
a common medical knowledge that risk of obstetrics
complications is higher in mothers that had short birth
interval than those with long birth interval. Birth order
was another determinant of child survival. It has a paral-
lel association with U5M. The likelihood of U5M
increased with increased in birth order of the child. This
is consistent with other previous studies [5,45]. Possible
mechanism for this is that as birth order increases,
intra-familiar competition for foods and other limited
resources essential for child survival will increase. More-
over, children are more prone to receive most impacts
of it. Also as birth order increases level of child care
reduces since the mother will have more children to
care for.
It is important to mention that this study also revealed
that children that were small at birth were more likely
to die during before the age of 5 years than those that
were having normal birth weight. A possible explanation
for this, are the effects of preterm births. Most preterm
children are more prone to have sepsis which is one of
the leading causes of neonatal deaths. Other complica-
tions of preterm births are neonatal jaundice, apnoea
etc. All these will account for high the likelihood of
U5M in children with low birth weight. This is consis-
tent with other previous studies [7,8,10]. This study has
also shown that children raised in urban areas were
more likely to survive better than those in rural areas.
This finding supported what have been reported in
other studies [4,9,46]. Likely explanation for this rela-
tionship is that children in urban areas have better
access to health care services and all other essential
health related services which are important for child
survival.
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This study revealed that good toilet facilities at home
can reduce U5M and this is in line with other prior stu-
dies [21,47,48]. The outcome of this research has also
shown that the number of wives that men married to,
has a positive relationship with U5M. It was observed
that as the number of wives increased, the likelihood of
U5M in that family increased. This is consistent with
previous study [49]. Possible reasons for this is intra-
familiar competition for food and other resources which
are essential for child survival. Family size was noticed
Table 3 Result of multivariable analysis logistic
regression for under-5 mortality
EXPLANATORY VARIABLES
OR P-value (C.I)
Maternal factors
Maternal education
No education 1.00 - (-)
Primary 0.98 0.742 (0.84-1.13)
Seconday or higher 1.13 0.232 (0.92-1.38)
Parity
1 1.00 - (-)
2, 3 and 4 *** *** (-)
≥ 5 *** *** (-)
Marital status *** *** (-)
Maternal age
≤ 20 years 1.00 - (-)
21-25 years 1.23 0.113 (0.95-1.58)
26-30 years 1.70 0.001 (1.30-2.22)
31-35 years 2.48 0.001 (1.84-3.33)
> 35 years 2.87 0.001 (2.10-3.91)
Maternal age at first marriage
< 15 years 1.00 - (-)
15-19 years *** *** (-)
20-24 years 0.80 0.001 (0.70-0.90)
≥ 25 years 0.70 0.001 (0.57-0.85)
Family planning
No method 1.00 - (-)
Traditional 0.69 0.017 (0.51-0.85)
Modern *** *** (-)
Health Seeking Behaviour
Low 1.00 - (-)
Average 0.06 0.001 (0.05-0.07)
High 1.00 0.951 (0.88-1.12)
Preceding birth interval
< 18 months 1.00 - (-)
18-36 months 0.30 0.001 (0.26-0.34)
> 36 months 0.09 0.001 (0.07-0.10)
Breastfeeding
< 6 months 1.00 - (-)
6-12 months 1.00 0.955 (0.67-1.50)
> 12-18 months 0.90 0.373 (0.71-1.14)
> 18 months 0.43 0.001 (0.35-0.53)
Child factors
Sex
Male 1.00 - (-)
Female 1.04 0.547 (0.92-1.17)
Birth order
1, 1.00 - (-)
2, 3 or 4 1.93 0.001 (1.56-2.37)
≥ 5 *** *** (-)
Birth weight
Normal 1.00 - (-)
Table 3 Result of multivariable analysis logistic regres-
sion for under-5 mortality (Continued)
Large 1.08 0.438 (0.87-1.27)
Small 1.31 0.004 (1.09-1.58)
Household factors
Family size
1-5 1.00 - (-)
> 5 3.54 0.001 (3.07-4.08)
Sanitation
Good toilet 1.00 - (-)
Bad tiolet 1.77 0.001 (1.46-2.14)
Fuel source
Gas 1.00 - (-)
Kerosene 0.52 0.001 (0.44-0.63)
Others 0.28 0.001 (0.23-0.34)
Wealth index
Poor 1.00 - (-)
Rich *** *** (-)
Water source
Unsafe water 1.00 - (-)
Safe water *** *** (-)
No of wives
One wife 1.00 - (-)
More wives 1.47 0.001 (1.30-1.66)
Paternal occupation
Business/cleric 1.00 - (-)
Farming 0.82 0.121 (0.64-1.05)
Manual 0.87 0.328 (0.67-1.14)
Other factors
Residence
Urban 1.00 - (-)
Rural 1.53 0.002 (1.16-2.00)
Regions
North central 1.00 - (-)
North east 0.75 0.514 (0.31-1.78)
North west 0.67 0.366 (0.28-1.60)
South east 0.36 0.001 (0.32-0.42)
South west 0.99 0.497 (0.67-1.22)
South south 0.96 0.583 (0.83-1.11)
*** means variables omitted by StataIC 11 software package
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to have an independent effect on U5M. This phenom-
enon can be explained, based on the fact that as family
size increases, intra-familiar competition for foods and
other essential services require for child survival
increases, so also parental attention for their children
decreases. As a result of these U5M will increase.
Health seeking of mothers has been shown to have a
positive impact on child survival. It is common medical
knowledge that children of mothers that were in a good
habit of seeking medical attention will allow their chil-
dren to have the privilege of receiving immunization
and treatment of preventable childhood diseases. Studies
have shown that these services reduced U5M [4,10].
However, the trend was not found in this relationship. It
is essential to report that this research yielded two
skewed results although this could be explained. It was
noticed that U5M started to increase from in mothers
in the age group 26-30 years and the odds of U5M
increased as the age group increased. Prior studies have
reported two contrary views about the effect of maternal
age on U5M. Some research reported that maternal
aged has an inverse relationship with U5M [23,26] while
others revealed that it has no effect on U5M [7,50].
However, it is crucial to state that none of these studies
considered maternal age at first marriage in their ana-
lyses, which was adjusted for in this study. Similarly,
this study also revealed that child survival in homes that
were using kerosene, fire woods and charcoals as
sources of fuel would be better than those using gas.
This was not in agreement with previous study [51].
Possible explanation for this is that, < 1% of the studied
population were using gas.
Moreover survival of children living in South west of
Nigeria was better than those residing in North central
of Nigeria. Children in North central of Nigeria were
more likely to die before their 5th year birthday than
their counterparts in North east of Nigeria. Prior study
has also reported regional variations in child survival
[52]. Possible explanation for these regional differences
in child survival can be attributed to variations in vege-
tation across the regions. Children tend to survive better
in regions with better agricultural output than regions
with low output. Also the political will of government to
implement good health policies varies across the
regions.
Strengths and weaknesses
It is important to mention the strength and weaknesses
of this study. This study is a population based cross
sectional study with a large sample size that was ran-
domly selected in order to reflect the true studied
population. Thus, the findings of this study can be
generalized to the studied population and to any other
country’s population similar to Nigeria. Possibility of
selection and sampling bias in this study have been
minimized because the whole country’s population was
considered before implementing stratified two-stage
random sampling technique. Also the percentage of
missing data in this study were negligible. However is
also important to stress the weaknesses in this type of
study. In this type of study, causal effect cannot be
measured. Also the analysis of this study was based on
point prevalence data; it is not possible to know
whether the data are time dependent or not although
Figure 1 Receiver operating curve (ROC) of multivariable model for predicting under-five mortality, Nigeria 2003-2008.
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the predictive power of the model have clarified this
area. Generally, length bias is a common problem with
this type of study.
Recommendation
U5M in Nigeria is an urgent public health issue and
appropriate measures are needed to be taken. This study
has provided insights into the risk factors of U5M in
Nigeria and this will be vital information for health pol-
icy makers in government and non-governmental orga-
nisation. Nigerian government and non-governmental
organisation need to adopt programmes that will
empower women because maternal factors were part of
the major determinants of childhood mortality in
Nigeria. Implementation of health programmes that will
encourage breastfeeding, use of contraception and child
spacing will go a long way in curtailing U5M in Nigeria.
Reorientation of parents concerning their health seek-
ing behaviour via implementation of good health pro-
motion programmes is highly essential to reduce U5M.
It is important to mention that the Federal Ministry of
Health, Nigeria needs to work in collaboration with
other health related ministries such as the Federal Min-
istry of Agriculture, Education, Labour, Water and Fed-
eral Ministry of Women Affairs in order to reduce
childhood mortality. This is because the provision of
jobs and empowerment of women will have positive
impacts on child survival. Enactment of laws that will
ensure good sanitation should be in place in order to
improve child survival.
Health inequality is another area that government and
non-governmental organisation need to give urgent
attention. This will improve equity among different
regions and between rural and urban communities in
Nigeria. In addition case-control study can be used to
further investigate the effects of some of the factors.
Maintaining small family size and encouraging monoga-
mous family should be encouraged and promoted.
Conclusions
This study has revealed that maternal, child and family
and other factors were the important determinants of
U5M in Nigeria. It will be of great benefit if all these
predictors could be properly considered during plan-
ning, formulation and implementation of policies that
will improve child survival.
Additional material
Additional file 1: Result of test for multicollinearity in the
multivariable model for under-5 mortality.
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Factors That Predict Differences in Childhood Mortality in Nigerian
Communities: A Prognostic Model
Victor T. Adekanmbi, MD, MPH1,2, Ngianga-Bakwin Kandala, PhD1,3,4, Saverio Stranges, MD, PhD, FFPH1,4,
and Olalekan A. Uthman, MD, MPH, PhD5,6
Objective To identify predictors of variations of childhoodmortality between Nigerian communities and to identify
high-risk communities where childhood mortality was higher than expected.
Study design Secondary analysis of the 2013 Nigeria Demographic and Health Survey data using prognostic uni-
variable and multivariable mixed Poisson regression models. Likelihood ratio test, Hosmer-Lemeshow goodness-
of-fit, and variance inflation factor were used to evaluate the fitness of the final model.
Results The final adjusted model revealed that communities with high rating of multiple childhood deprivation
(relative risk 1.14, 95% CI 1.09-1.19) and maternal socioeconomic deprivation (relative risk 1.22, 95% CI 1.14-
1.29) were associated significantly with the risk of childhood mortality. Communities with enhanced maternal
hospital-based health-seeking behaviors and more advantageous environmental conditions had reduced risks of
childhood mortality. Similarly, children living in communities with high ethnic diversity were significantly less likely
to die before their fifth birthday (relative risk 0.96, 95% CI 0.94-0.97). About 64% of the observed heterogeneity in
childhood mortality in these communities was explained by the final model. Eleven of the 896 communities had
higher than expected childhood mortality rates during the study period.
Conclusions Of the 31 482 children included in this survey, 2886 had died before their fifth birthday (128 deaths
per 1000 live births). There are variations in childhood mortality across Nigerian communities that are not deter-
mined only by health system functions but also by factors beyond the scope of health authorities and healthcare
delivery systems. (J Pediatr 2015;-:---).
C
hildhood mortality in Nigeria is declining gradually from 213 deaths per 1000 live births in 1990 to 128 deaths per 1000
live births in 2013,1 however, this trend masks the significant inequalities in the preventable deaths recorded in the
country. Teenage and young mothers, mothers with no formal education, those residing in rural areas and the North
West, and those from the disadvantaged socioeconomic households and communities consistently have worse health outcomes
compared with the rest of the population.2,3
The latest report by the Federal Ministry of Health (FMOH) on the National Strategic Health Development Plan (NSHDP)
indicate that the underlying risk factors for childhood mortality in Nigeria cluster around teenage and young mothers, socio-
economically disadvantaged households, Hausa/Fulani ethnic group, and those residing in the northwestern and northeastern
parts of the country.4
As a form of commitment toward the United Nations Millennium Development Goals aimed at reducing health inequalities
and the current high level of childhood mortality in Nigeria, the government through the FMOH introduced targets in the
year 2010 to reduce the relative gap in childhood mortality by 50% in the
most affected social class and regions by 2015.4 However, available data from
the FMOH since the introduction of the NSHDP target for child’s health indicate
that childhood mortality remains high in most communities in Nigeria and the
target seems difficult to achieve given the current childhoodmortality rate, which
stands at 128 deaths per 1000 live births across the country with a weak and
poorly financed health system.5
There is increasing interest in the levels of performance of the interventions
adopted in the NSHDP especially in the area of childhood and maternal mortal-
ity. Although most communities in Nigeria have poor health outcomes, it is un-
clear whether such outcomes arise from undernutrition in form of stunting, low
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maternal hospital-based health-seeking behavior, low
parental levels of education, or region of residency with
weak health systems or from other demographic factors
such as religion, deprivation, or ethnicity.
Numerous studies have been conducted on the determi-
nants of childhood mortality in Nigeria.6-11 No studies,
however, to the best of our knowledge have examined
the factors predicting differences in childhood mortality
by community. We sought to identify potential predictors
of variations in childhood mortality between Nigerian
communities and to identify high-risk communities where
childhood mortality was higher than expected.
Methods
This study was based on secondary analyses of cross-
sectional population-based data from the 2013 Nigeria De-
mographic and Health Survey (DHS). Nigeria is a country
located in West Africa around the Gulf of Guinea, with a to-
tal area of about 923 768 square kilometers. Nigeria is the
thirty-second largest country in terms of land mass and
the most populous country in the African continent. The
latest population and housing census conducted by Na-
tional Population Commission of Nigeria in 2006 puts Ni-
geria’s population at 140 431 790.2 The rural area has
about 67.8% of the population, and the urban area has
about 32.2%. The population density of Nigeria is about
150 people per square kilometer. There are about 374 iden-
tifiable ethnic groups in Nigeria with varying languages,
customs, and cultures thereby creating a nation with rich
ethnic diversity.2 The largest ethnic groups are the Yoruba,
Hausa/Fulani, and Igbo, which account for about 68% of
the total population.2 About 27% of the population is
comprised of Ijaw, Kanuri, Tiv, Nupe, Edo, and the Ebiras,
and the remaining 5% is made up of the other minority
groups. The instruments and conduct of the 2013 Nigeria
DHS was approved by the Institutional Review Board of
ICF International (Fairfax, Virginia) in the US and Nigeria
Health Research Ethics Committee of the FMOH. This
study was based on secondary analysis of existing survey da-
tasets from the archive of the DHS who granted us permis-
sion for its usage after the identifying information had been
removed. This research is limited to the use of previously
collected anonymized data.
The 2013 Nigeria DHS was conducted to collect data on
demographic, environmental, socioeconomic, and health is-
sues (family planning, infertility, nutritional and health sta-
tus of children, their mothers, and the fathers) from a
nationally representative sample of 39 902 women aged
15-49 years and 18 229men aged 15-59 years in 38 904 house-
holds that were eligible to be interviewed.2 The survey
included 22 663 households from rural areas and 15 859
households from urban areas. The country by stratification
was divided into 37 states including the Federal Capital Ter-
ritory, which were divided further into 774 local government
areas all within the 6 geopolitical zones (South West, South
South, South East, North West, North Central, and North
East) to obtain a nationally representative sample. Domains
were set up, each one consisting of enumeration areas that
were established by the general population and housing
census conducted in 2006. The sampling frame is made up
of a list of all enumeration areas (clusters).2 From each
domain, a 2-stage probabilistic sampling method was used
for the cluster selections. The first stage involved choosing
896 primary sampling units, 528 in the rural and 368 in the
urban areas with a probability proportional to the size. The
size in this context is the number of households in each clus-
ter. A second stage of sampling followed, which involved the
systematic sampling of households from the selected
enumeration areas. Out of all the 31 482 children included
in this survey, 2886 had died before their fifth birthday.
The DHS data set has been judged by both international
and national health agencies to be the best data available in
developing countries in the absence of a viable death registra-
tion system. In addition, these data are being used extensively
for monitoring and evaluation of implemented interven-
tions. To the best of our knowledge, the DHS is the only na-
tionally representative dataset available in most developing
countries. Therefore, its use in this study lends credibility
to validity of the study.
Data collection procedures have been published else-
where.2 Data were collected by visiting the selected house-
holds and conducting face-to-face interviews with women
and men who met the eligibility criteria to obtain informa-
tion on demographic characteristics, wealth, anthropometry,
female genital cutting, and awareness of HIV/AIDS, knowl-
edge of HIV prevention, sexual behavior, and domestic
violence. Women in some parts of the country who have
limited interaction with men who are not their direct rela-
tives or husbands because of religious and cultural practices
were interviewed by female interviewers. Among all eligible
individuals and households, the overall participation rates
were 98% for both women and households and 95% for men.
Outcome Variable
Each woman interviewed in the survey was asked to provide
a detailed history of all her live births in a chronologic or-
der, including whether a birth was single or multiple, the as-
signed sex of the child, date of birth, survival status, age of
the child on the date of interview if alive and if not alive,
age at death of each live birth. Childhood mortality rate
is the response variable. We estimated from the 2013
Nigeria DHS, childhood mortality rates (defined as number
of child deaths reported by women aged 15-49 years as of
the interview date divided by total number of births) for
the 5 years preceding the survey.
Independent Variables
In this study, we included the following as independent
variables; the maternal socioeconomic index, environ-
mental conditions, maternal hospital-based health-seeking
behavior, multiple childhood indices, and ethnicity diver-
sity index.
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In the second of the series on childhood survival articles
published in The Lancet, exclusive breastfeeding in the first
6 months of life was described as an indispensable compo-
nent of survival, physical, and mental development.12
Large-scale studies conducted globally recognized breast
milk as having anti-infective properties as it protects infants
against morbidity as well as mortality because of some in-
fectious diseases especially that are attributable to diar-
rhea.13-15 Furthermore, prior studies also have shown that
antibodies found in colostrum produced by mothers in
the first few days postpartum confer passive immunity to
neonates, which helps to prevent infectious diseases.16-18
Most people in Nigerian societies (as well as in many of
the sub-Saharan African countries regardless of their partic-
ular geographic regions or societies) believe that breastfeed-
ing of infants is essential to their survival and prevention of
morbidities. Infants who are not exclusively breastfed,
therefore, are seen as deprived or neglected individuals.
Childhood deprivation index in this study was operational-
ized with a principal component comprised of the propor-
tion of children with low birth weight, not breast fed, with
short birth interval (<24 months between siblings), high
number of children <5 years of age, and children with
high birth order.19 A standardized score with mean 0 and
SD of 1 was generated from this index; with higher scores
indicative of higher childhood deprivation.
Most people in Nigerian societies, as well as in many of the
sub-Saharan African countries regardless of their particular
geographic regions or societies, believe that being nonliterate,
living in rural areas, and below poverty level is a form of
socioeconomic deprivation. Maternal socioeconomic depri-
vation, therefore, was operationalized with a principal
component analysis19-21 comprised of the proportion of
mothers who are nonliterate, unemployed, residing in rural
areas, and living below the poverty level (asset index <20%
poorest quintile). A standardized score with mean 0 and
SD of 1 was generated from this index; with higher scores
indicative of lower socioeconomic status.
Community environmental factor index was derived using
principal component analysis on 3 variables that included
proportion of children in households with access to safe wa-
ter, proper sanitation, and low pollution cooking fuel. A stan-
dardized score with mean 0 and SD of 1 was generated with
higher scores indicative of better and cleaner environmental
status.
Maternal hospital-based health seeking behavior index
(MHHSBI) was operationalized with a principal component
comprised of the proportion of respondents: with health
card, who attended antenatal care clinic, and had child’s de-
livery in the hospital and also got child vaccinated against
tetanus. A standardized score with mean 0 and SD of 1 was
generated from this index; with higher scores indicative of
better MHHSBI.
The ethnicity of the children was computed by using
ethnicity diversity index. Ethnicity diversity index was
created using the below formula that captures both the
number of different ethnic groups in an area and the rela-
tive representation of each group.22
Ethnic diversity index ¼ 1
Xn
i¼1

xi
y
2
where xi = population of ethnic groups in the area, y = total
population of the area, and n = number of ethnic groups in
the area.
Scores can range from 0 to approximately 1. For clarity of
interpretation, each diversity index is multiplied by 100; the
higher the index score, the greater the diversity in the area. If
an area’s entire population belongs to 1 ethnic group, then
the area has 0 diversity. An area’s diversity index increases to
100 when the population is evenly divided into ethnic groups.
Statistical Analyses
Prognostic multivariable mixed model was developed to
explain the observed variability between communities in
childhood mortality following the method described by Har-
rell et al23 and Freemantle et al.24 Specifically, Poisson multi-
variable regression model was developed where the observed
number of deaths was the response variable.
The associations of childhood mortality rates with each
characteristic of individuals in the community were first
examined at the univariable level. Characteristics statistically
associated with childhood mortality in the univariable Pois-
son regression models subsequently were fitted in multivari-
able Poisson regression model. The final model was used to
predict the death rates for each community and compared
the predicted and observed death rates. The observed and
predicted rates were described and plotted. High-risk com-
munities were defined as those communities for which
observed rates differed from the expected rate by more
than 3 studentized residual deviances. We calculated the
extent to which heterogeneity (extra-Poisson variability) be-
tween the communities was explained by the included
parameter terms. P value of <.05 was used to define statistical
significance.
Regression diagnostics were used to judge the goodness-
of-fit of the model. They included the likelihood ratio test,
Hosmer-Lemeshow model fit test, tolerance test for multi-
collinearity, its reciprocal variance inflation factors
(VIFs),25,26 and estimates of adjusted R square of the regres-
sion model. The largest VIF greater than 10 or the mean
VIF greater than 6 represent severe multicollinearity.27 All
statistical analyses were carried out with the use of Stata
statistical software for windows v 14 (StataCorp, College
Station, Texas).28
Results
Childhood Mortality Rate and Community Level
Demographics in Nigeria
We identified data for all 896 communities included in the
2013 Nigeria DHS. There were significant and striking
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variations in childhood mortality between Nigerian commu-
nities with respect to childhood deprivation index, maternal
socioeconomic deprivation index, community environ-
mental factor index, MHHSBI, and ethnicity diversity index.
Rates of childhood mortality varied across the communities
with mean of about 79.3 per 1000 live births and SD of
63.7 for the 5 years of this study. Moreover, there were
considerable variations among factors making up the
different indexes (predictors) stated above (Table I).
Community Level Predictors of Childhood Mortality
Variations in Nigerian Communities
The results of univariable (unadjusted) analyses examining
predictors of childhood mortality in Nigerian communities
are shown in Table II. Childhood deprivation index,
maternal socioeconomic deprivation index, community
environmental factor index, MHHSBI, and ethnicity
diversity index each was statistically significantly associated
with risk of childhood mortality.
The results of multivariable analysis are shown in Table II.
Effect of childhood deprivation index remained statistically
significant after controlling for other factors. Every SD
increase in a child’s deprivation index increased the risk of
childhood mortality by 14%. Likewise, every SD increase in
a child’s maternal socioeconomic deprivation index
increased the risk of childhood mortality by 22%.
Moreover, in the multivariable model, the community
environmental factor index, MHHSBI, and ethnicity diver-
sity index had protective effects on childhood survival. The
final fitted model explained approximately 64% of the
between-communities heterogeneity in childhood mortality.
Observed vs Predicted Childhood Mortality by
Communities
The relationship between observed and predicted childhood
mortality is shown in the Figure (available at www.jpeds.
com). A community under Gombe rural area coded as
number 251 from the survey dataset had observed
childhood mortality rate substantially higher than the
predicted rate by >3 studentized residual deviance from the
multivariable analysis (Table III). Other communities in
this category included Kebbi rural (430), Sokoto rural
(458), Zamfara rural (480), Anambra rural (513), Ebonyi
rural (543), Bayelsa rural (629), Rivers urban (744), Lagos
urban (778), Oyo urban (893), and Lagos urban (782).
Discussion
A prognostic model that used available national representa-
tive data was developed to predict variations in childhood
mortality at the level of communities in Nigeria. We found
that childhood mortality across Nigerian communities are
not even and are substantially associated with factors beyond
the scope of health authorities and healthcare delivery sys-
tems. The final model explained the substantial observed het-
erogeneity between the communities in this study.
Approximately 64% of childhood mortality differences be-
tween Nigerian communities were explained by the final
model. The remaining 36% that could not be captured in
this model of association could be explained through the
concept of frailty effect adopted from the works of Clayton,29
Vaupel et al,30 and Sastry.31 According to Sastry,31 this model
captures the total effects of all factors that influence the
child’s likelihood of dying that are not captured in a model
that accounts for the measures of association. Because mea-
sures of association model can account for the observed pre-
dictors, the frailty effects stand for unmeasured or
unmeasurable effects. The frailty effect reflects an array of
factors that can be broadly classified as behavioral, cultural,
environmental, and genetics. The regression diagnostics tests
Table I. Childhood mortality per 1000 live births and
candidate explanatory variables in Nigeria
Variables Mean (SD)
Outcome variable
Mortality per 1000 live births by communities 79.3 (63.7)
Community level factors
Multiple childhood deprivation index* 0.0 (1.0)
Risky birth interval (%) 17.1 (9.2)
High birth order (%) 44.7 (16.0)
Low birth weight (%) 13.3 (10.3)
Never breastfed (%) 2.6 (3.8)
High number of under-5s (%) 9.1 (11.5)
Maternal socioeconomic deprivation index* 0.0 (1.0)
Poverty rate (%) 13.0 (24.9)
Unemployment rate (%) 26.1 (20.0)
Illiteracy rate (%) 33.0 (37.1)
Rural residency (%) 58.6 (49.3)
Community environmental factor index* 0.0 (1.0)
Safe water source (%) 27.4 (32.5)
Proper sanitation (%) 32.6 (32.8)
Low pollution cooking fuel (%) 2.9 (11.5)
Maternal health-seeking behavior index* 0.0 (1.0)
Child received at least one vaccination (%) 66.1 (19.4)
Antenatal attendance (%) 16.2 (19.4)
Medical assistance at delivery (%) 50.1 (35.4)
Tetanus injection during pregnancy (%) 19.4 (19.2)
Ethnicity diversity index* 0.0 (1.0)
*Principal component.
Table II. Predictors of childhood mortality by
communities in Nigeria–univariable and multivariable
models
Variables
Unadjusted model Adjusted model
RR (95% CI) RR (95% CI)
Community factors
Multiple child deprivation index* 1.26 (1.21-1.31) 1.14 (1.09-1.19)
Maternal socioeconomic
deprivation index*
1.24 (1.20-1.28) 1.22 (1.14-1.29)
Maternal hospital-based
health-seeking
behavior index*
0.87 (0.82-0.93) 0.85 (0.80-0.91)
Community environmental
factor index*
0.73 (0.69-0.77) 0.84 (0.78-0.90)
Ethnicity diversity index* 0.95 (0.94-0.97) 0.96 (0.94-0.97)
RR, relative risk.
*Principal component.
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we conducted confirmed that the model was well fitted, indi-
cating that generalizability of the findings is possible,
although with caution, given similarities in the socioeco-
nomic and demographic profiles of countries in the sub-
Saharan African.
This result shows that children with higher indices of mul-
tiple childhood deprivation have higher risk of childhood
mortality compared with those with lower childhood depri-
vation indices. Multiple childhood deprivation indices had
a negative relationship with risk of childhood mortality.
These findings are consistent with findings of previous
studies.24,32-34 A plausible explanation for this is that as birth
order (which is a constituent of this index) increases, the
household size increases with its attendant consequences
such as competition for limited essential resources. Another
possible explanation for this relationship may be that the
amount of time for care that a mother has for a child is
reduced if the birth interval/spacing is short. In addition,
having short birth interval has been documented to have
detrimental effect on the health and well-being of both chil-
dren and their mothers.34-36
The findings of this study are consistent with those of other
similar studies and provide further evidence that the index of
maternal socioeconomic disadvantage is an important pre-
dictor of childhood mortality in developing countries.37-40
Poverty has a negative effect on a child’s survival through
poor nutritional status resulting from insufficient intake of
nutritious food, leading to higher susceptibility to infections.
Socioeconomically disadvantaged households generally lack
the economic means for essential goods and services (health-
care, medications, and transportation) compared with
households with high socioeconomic status.
The positive association between cleaner community envi-
ronment and childhood survival as found in this study is in
agreement with results of other similar studies.6,41 It is well
known that a dirty environment is an important indicator
of an individual’s susceptibility to contagious diseases and
other disease-causing agents. The higher the value of the
community environmental factor index score through easy
access to safe water, modern toilet facilities, and low-
pollution cooking fuel, the higher the likelihood of a child
surviving beyond 5 years.
Consistent with results of similar studies, this study found
that maternal hospital-based health-seeking behavior was
associated with a statistically significant positive effect on
childhood survival and other health outcomes.19,42,43
Mothers with high hospital-based health-seeking behavior
have a good habit of seeking medical attention such as
attending antenatal clinic while pregnant. Moreover, such
mothers will make sure their children receive immunization
against life-threatening yet preventable childhood diseases.
Protective association between childhood mortality and
ethnicity diversity index found in this study is similar to find-
ings of previous studies.44,45 This relationship could be linked
to cultural, educational, and socioeconomic differences of
various ethnic groups constituting a given population. For
example, polio is still endemic in the northern part of
Nigeria, which is predominantly dominated by the Hausa/
Fulani ethnic groups who shun immunization because they
believe that polio vaccine contains an antifertility agent and
HIV virus.46,47 Therefore, polio immunization acceptance
in these ethnic groups is seen as an indirect method of con-
trolling their population’s growth by western countries.
The findings of this study further show that 11 of the 896
communities studied had observed childhood mortality rates
substantially higher than predicted rates. This is consistent
with findings of a few studies examining variations in child-
hood mortality at regional health services and geopolitical
zones.24,48,49 Further studies such as interventional, cohort,
and case control studies should be conducted to seek the
likely causes of high childhood mortality in most of the com-
munities studied and potential interventions for high-risk
communities.
Our study has strengths and weaknesses. One important
weakness is the limitation of data available, which did not
include factors such as maternal smoking status, birth rate
by maternal age, and birth rate by ethnicity. In addition, fac-
tors such as sociocultural beliefs and ethnocentric practices
Table III. Details of communities in Nigeria where observed childhood mortality was substantially higher than the
predicted mortality
Communities (No)
Studentized residual
deviance
Total childhood mortality
Childhood mortality rate/1000
births
Observed Predicted Observed Predicted
Gombe rural (251) 4.85 20.00 7.09 285.71 101.28
Kebbi rural (430) 5.00 21.00 7.40 291.67 102.84
Sokoto rural (458) 3.14 18.00 8.72 257.14 124.62
Zamfara rural (480) 3.04 13.00 5.73 213.12 93.95
Anambra rural (513) 4.42 10.00 2.71 370.37 100.60
Ebonyi rural (543) 5.70 15.00 3.83 405.41 103.61
Bayelsa rural (629) 3.30 5.00 1.27 238.10 60.63
Rivers urban (744) 4.41 3.00 0.36 230.77 27.58
Lagos urban (778) 3.01 6.00 1.88 176.47 55.21
Lagos urban (782) 4.49 11.00 3.09 234.04 65.94
Oyo urban (893) 3.04 6.00 1.86 250.00 77.50
No, codes for communities from the dataset.
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and policies of health authorities and healthcare delivery sys-
tems, which may serve as barriers to maternal engagement
and access to healthcare services, were not included in the
2013 Nigeria DHS. Our study focused on measurable factors
at the community level in the 2013 Nigeria DHS to predict
differences in childhood mortality in Nigerian communities.
Caution is warranted in drawing conclusions from this cross-
sectional study regarding the factors included because an
association at the community level does not guarantee
association at individual level, which could lead to ecological
fallacy.50 Moreover, the causes of death and medical condi-
tions of children could not be ascertained during the survey
period.
A strength of the study is that it is a population-based
cross-sectional study with a large sample size that was
randomly selected in order to reflect the true study popula-
tion. The findings of this study may be generalizable to other
countries with resource-constraint settings in sub-Saharan
Africa. Possibility of selection and sampling bias in this study
was minimized because the entire country’s population was
considered before implementing multistage random sam-
pling technique for the survey. Moreover, data of DHS are
perceived widely to be of high quality, as they were based
on sound sampling methodology and a high response rate
from participants.
The findings from this study have some important relevant
policy implications, which include a need for intervention to
reduce economic inequalities and ultimately poverty among
the populace. Adult literacy programs with special focus on
child’s health should be organized particularly for women
in communities with high illiteracy rate as a short-term inter-
vention geared at increasing literacy level in Nigeria. In addi-
tion, the Nigerian government should ensure that female
children are given appropriate formal education as a long-
term measure. All of these ultimately will help equip women
with no formal education with the knowledge of things that
can be done to prevent childhood mortality. Any interven-
tion by governmental and nongovernmental organizations
that aim at improving childhood mortality rates should
target communities with high rate of childhood mortality
so as to avert undercoverage of deserving communities.
Establishment of public service especially for health service
fees for the less wealthy and poor in the society who are un-
able to pay for services also would be of tremendous help at
reducing the high rates of childhood mortality in Nigeria.
Provision of free healthcare for pregnant mothers, new
mothers, and young children as is being done in Sierra Leone
can serve as important policy alternative. Lastly, special
attention should to be given to policies and program designs
aimed at reducing childhood mortality based on health edu-
cation, social housing policies, environmental improvement,
and poverty reduction. A universal approach linking the
Ministry of Health with other ministries may speed up the
reduction of inequalities in childhood mortality in Nigeria. n
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Figure. Observed vs predicted childhood mortality in Nigeria
communities.
THE JOURNAL OF PEDIATRICS  www.jpeds.com Vol.-, No.-
7.e1 Adekanmbi et al
V: Contextual socioeconomic factors associated with childhood mortality in
Nigeria: a multilevel analysis. Journal of Epidemiology & Community Health
2015; 69:1102 - 08
Contextual socioeconomic factors associated with
childhood mortality in Nigeria: a multilevel analysis
Victor T Adekanmbi,1,2 Ngianga-Bakwin Kandala,1,3 Saverio Stranges,1,4
Olalekan A Uthman5,6
1Division of Health Sciences,
University of Warwick Medical
School, Coventry, UK
2Center for Evidence-based
Global Health, Ilorin, Nigeria
3Division of Epidemiology and
Biostatistics, University of
Witwatersrand, School of
Public Health, Johannesburg,
South Africa
4Department of Population
Health, Luxembourg Institute
of Health (LIH), Luxembourg
5Division of Health Sciences,
Warwick-Centre for Applied
Health Research and Delivery
(WCAHRD), University of
Warwick Medical School,
Coventry, UK
6International Health Group,
Liverpool School of Tropical
Medicine, Liverpool, UK
Correspondence to
Dr Victor T Adekanmbi,
Division of Health Sciences,
University of Warwick Medical
School, Coventry CV4 7AL, UK;
v.t.adekanmbi@warwick.ac.uk
Received 7 January 2015
Revised 8 May 2015
Accepted 25 May 2015
Published Online First
10 June 2015
To cite: Adekanmbi VT,
Kandala N-B, Stranges S,
et al. J Epidemiol
Community Health
2015;69:1102–1108.
ABSTRACT
Background Childhood mortality is a well-known
public health issue, particularly in the low and middle
income countries. The overarching aim of this study was
to examine whether neighbourhood socioeconomic
disadvantage is associated with childhood mortality
beyond individual-level measures of socioeconomic status
in Nigeria.
Methods Multilevel logistic regression models were
applied to data on 31 482 under-ﬁve children whether
alive or dead (level 1) nested within 896
neighbourhoods (level 2) from the 37 states in Nigeria
(level 3) using the most recent 2013 Nigeria
Demographic and Health Survey (DHS).
Results More than 1 of every 10 children studied had
died before reaching the age of 5 years (130/1000 live
births). The following factors independently increased the
odds of childhood mortality: male sex, mother’s age at
15–24 years, uneducated mother or low maternal
education attainment, decreasing household wealth index
at individual level (level 1), residing in rural area and
neighbourhoods with high poverty rate at level 2. There
were signiﬁcant neighbourhoods and states clustering in
childhood mortality in Nigeria.
Conclusions The study provides evidence that
individual-level and neighbourhood-level socioeconomic
conditions are important correlates of childhood mortality
in Nigeria. The ﬁndings of this study also highlight the
need to implement public health prevention strategies at
the individual level, as well as at the area/neighbourhood
level. These strategies include the establishment of an
effective publicly funded healthcare system, as well as
health education and poverty alleviation programmes.
BACKGROUND
Childhood mortality is a well-known public health
issue. Globally, childhood mortality is about 9
million deaths per year and 70% are preventable,
which makes this an important public health
problem deserving further investigation. In one of
the series on child survival published on Lancet,
childhood mortality was described as a public
health disaster.1 Secondary to the burden of child-
hood mortality, the United Nation (UN) has incor-
porated reduction of childhood mortality by
two-third by the year 2015 as one of its
Millennium Development Goals (MDGs) which
were set in 1990. Furthermore, it is essential to
identify the determinants of childhood mortality
because this will assist in the formulation and
implementation of appropriate health programmes
and policies to reduce childhood mortality in
Nigeria.
In Nigeria, it has been estimated in a study con-
ducted jointly by the World Bank/WHO in 2005
that the under-ﬁve mortality rate (UFMR) is about
159 deaths/1000 live births. There was a slight
reduction in this rate in a later study conducted in
2013 where it was estimated at 120 deaths/1000
live births.2 This reduction is still grossly above the
global average of 60 deaths/1000 live births for
developing countries.2 Another study carried out
between 1996 and 2003 indicated that UFMR in
Nigeria was 157 deaths/1000 live births.3
Currently, under-ﬁve mortality (UFM) in Nigeria
stands at 124 deaths/1000 live births.4 If one looks
at the above statistics, one will see that childhood
mortality is still a major public health problem in
Nigeria that needs to be solved.
Several studies conducted in Nigeria have
attempted to identify the determinants of childhood
mortality. However, the majority of these studies
had concentrated on individual-level (maternal and
child) factors, neglecting contextual (area/neigh-
bourhood and state) level factors.5–7 The association
between contextual factors and health outcomes
have also been documented in the literature.8–11
Beyond individual (child and maternal) level factors,
survival of a child can be inﬂuenced by area and
societal factors at large. In addition, concentrating
only at one level, either at the micro level (individ-
ual) or contextual level (area), can lead to methodo-
logical and practical problems. For example, studies
that concentrate on individual levels are prone to
atomistic fallacy, 12 13 because association at the
individual level may differ at the area level.
Similarly, studies conducted at the area level alone
are prone to ecological fallacy.12–14 Thus, the over-
arching aim of this study was to examine whether
neighbourhood socioeconomic status may correlate
with childhood mortality beyond individual-level
measures of socioeconomic status.
Study design
This study was based on secondary analyses of cross-
sectional population-based data from the 2013
Nigeria Demographic and Health Survey (DHS).
Sampling technique
Methods used in the DHS have been published
elsewhere.15 Brieﬂy, the survey used a three-stage
cluster sampling technique. The country was strati-
ﬁed into 36 States and the Federal Capital Territory
(FCT), Abuja, making 37 districts. The primary
sample unit (PSU) was based on the 2006 Nigeria
population census enumeration areas. The ﬁrst
stage involved selecting 896 clusters (PSU) with a
probability proportional to the size, the size being
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the number of households in the cluster. The second stage
involved the systematic sampling of households from the
selected clusters. A total of 40 320 households were selected for
the 2013 DHS survey. The third stage involved the distribution
of the households in each state proportionately among its urban
and rural areas and with this, a total of 40 680 households was
ﬁnally sampled out of which 16 740 were from urban areas and
23 940 from rural areas.
Data collection
Data collection procedures have been published elsewhere.15
Brieﬂy, data were collected by visiting households and conduct-
ing face-to-face interviews to obtain information on demo-
graphic characteristics, wealth, anthropometry and female
genital cutting, and awareness of HIV/AIDS, knowledge of HIV
prevention, sexual behaviour and domestic violence.
Outcome variable
Each woman interviewed in the survey was asked to provide a
detailed history of all her live births in a chronological order,
including whether a birth was single or multiple, sex of the
child, date of birth, survival status, age of the child on the date
of interview if alive and if not alive, age at death of each live
birth. These data from the birth histories were used to calculate
UFMR, deﬁned as the probability of dying before reaching the
age of 5 years, using a synthetic cohort life table. The rate was
expressed as deaths per 1000 live births.
Independent variables
We adopted a socioecological model to understand the dynamic
inter-relations among various personal and environmental
factors associated with UFM16 17 (ﬁgure 1).
Individual-level factors
In this study, we considered three measures of individual socio-
economic status: wealth status, educational attainment and occu-
pation of mother. Wealth index is measured in the DHS surveys
in terms of assets, rather than income. Household assets and
utility services such as a radio or car as well as characteristics of
the dwelling such as ﬂoor or roof type, toilet facilities and water
source were the items that measured the concept of poverty in
these settings. This concept has been used by the World Bank to
allocate households and their members into poverty quintiles,
using principal components analysis.18 19 For analytical pur-
poses, we divided the weighted scores into quintiles. The level
of education attained by the mother (the respondent) was
deﬁned as never been to school, primary and secondary or
higher education. The respondent’s current occupation was cate-
gorised into unemployed, white collar (professional, technical
and managerial), manual (services, agricultural, skilled and
unskilled manual) and other jobs. Gender of the child and age
of the mothers were included as control variables.
Neighbourhood-level factors
At the neighbourhood level, we included place of residence and
neighbourhood poverty, unemployment and illiteracy rates.
Place of residence was categorised into urban and rural resi-
dence. We categorised neighbourhood-level poverty, unemploy-
ment and adult illiteracy rates into two categories (low and
high) to allow for non-linear effects and to provide results that
were more readily interpretable in the policy domain.20 Median
values served as the reference group for comparison.
State-level factors
At the state level, we included adult illiteracy rate, unemploy-
ment rate and poverty rate. We categorised state-level poverty,
unemployment and adult illiteracy rates into two categories (low
and high) to allow for non-linear effects and to provide results
that were more readily interpretable in the policy domain.20
Median values served as the reference group for comparison.
Statistical analyses
Descriptive analyses
In the descriptive statistics, the distributions of respondents by
the key variables were expressed as numbers and percentages as
well as deaths per 1000 live births.
Modelling approaches
We speciﬁed a three-level multilevel model for whether a child
was alive or dead (level 1), living in a neighbourhood (level 2)
and within a state (level 3). We constructed four models. The
ﬁrst model, an empty or null model without any determinant
variables, was speciﬁed to decompose the amount of variance
that existed between the neighbourhood and state levels. The
second model contained individual-level variables. The third
and fourth models were extended to include neighbourhood-
level and state-level measures of socioeconomic status variables,
respectively.
Fixed effects (measures of association)
The results of ﬁxed effects (measures of association) were
shown as ORs with their 95% credible intervals (CrI).
Random effects (measures of variation)
Measures of random effects included an intracluster correlation
and a variance partition coefﬁcient and median OR (MOR).
MOR is a measure of unexplained cluster heterogeneity; it mea-
sures the area variance as OR. The method used for calculating
MOR has been published and described elsewhere.21 22
Model ﬁt and speciﬁcations
Bayesian deviance information criterion (DIC) was used to
judge the goodness-of-ﬁt of the model while variance inﬂation
factor (VIF) was used to check for multicollinearity. All multi-
level modelling were performed using MLwiN 2.3223 on the
platform of Stata statistical software for windows V.1324 using
the runmlwin routine. For the multilevel logistic regression
models, the Markov Chain Monte Carlo (MCMC) estimation
was used.25
RESULTS
Characteristics of the sample
Table 1 presents descriptive statistics which show that the preva-
lence of childhood mortality was 130/1000 live births as esti-
mated from the data set across the 37 states. The prevalence of
UFM was 154.1/1000 live births in mothers in the age group 15–
24 years, while it was 131.5/1000 live births in the age group
35 years and above. There was a signiﬁcantly higher prevalence
of childhood mortality among under-ﬁve male children.
Likewise, childhood mortality was highest in children born to
mothers who were not working. The prevalence was highest in
the under-ﬁves whose parents were the poorer with respect to
wealth index status and those that had no formal education.
Furthermore, childhood mortality was more prevalent with
under-ﬁve children who resided in rural areas and neighbour-
hoods with high poverty, illiteracy and unemployment rates.
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Measures of association
Table 2 shows results of ﬁtting the model including individual-
level, neighbourhood-level and state-level factors. With individ-
ual-level, neighbourhood-level and state-level measures of socio-
economic status controlled for, male children had higher
odds of dying compared with the female children adjusted OR
(aOR) 1.20; 95% CrI 1.11–1.30. Children of mothers aged
25–34 years had odds of dying reduced by 10% compared with
mothers aged 15–24 years. The probability of a child dying
decreases with increasing level of education of the child’s
mother. Children whose mothers had secondary or higher edu-
cation had higher odds of survival compared with those whose
mothers were without any formal education by about 32%. The
probability of a child dying decreased with increasing household
wealth status, such that children from poorest households were
more likely to die compared with those from richest households
with odds of about 41%.
Children living in rural areas had a higher probability of
dying than their counterparts from urban areas. In addition, the
odds of a child dying was associated with neighbourhood socio-
economic disadvantages, such that those from neighbourhoods
with a high poverty rate were more likely to die compared with
their counterparts from neighbourhoods where there was a low
poverty rate (aOR 1.22; 95% CrI 1.05–1.43). However, there is
no statistically signiﬁcant association between the odds of dying
and state-level socioeconomic factors.
Measures of variation
Table 2 shows the random effect (measures of variation) results
from multilevel analysis. In model 1 (the empty model), there
was a signiﬁcant variation in the log odds of childhood mortal-
ity across the neighbourhoods (τ=0.165, 95% CrI 0.114–0.218)
and across the states (τ=0.116, 95% CrI 0.062–0.204).
According to the intrastate and intraneighbourhood correlation
coefﬁcient implied by the estimated intercept component vari-
ance, 3% and 8% of the variance of childhood mortality
could be linked to the state-level and neighbourhood-level
factors, respectively. Variations across neighbourhoods and states
remained statistically signiﬁcant, even after controlling for indi-
vidual-level, neighbourhood-level and state-level socioeconomic
factors in the ﬁnal model 4, thereby giving credence to the use
of multilevel modelling to account for neighbourhood and state
variations. According to the proportional change in variance,
approximately about 60% and 23% of the variance in the log
odds of childhood mortality across the states and neighbour-
hoods, respectively, were explained by the individual-level socio-
economic factors (model 2). The ﬁnal model (model 4)
accounted for 66% and 27% of the variance in the log odds
childhood mortality across the states and neighbourhoods.
The MOR results also conﬁrmed the evidence of neighbour-
hood and state contextual phenomena modifying the likelihood
of a child dying before the age of 5 years. The MOR (1.5) in
model 1 between children with a higher and lower propensity
Figure 1 Socioecological conceptual framework for determinants of child survival in developing countries (adapted from Mosley and Chen17).
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of dying in a neighbourhood suggests that the neighbourhood
heterogeneity is moderate. Controlling for individual-level
socioeconomic factors reduces the unexplained heterogeneity
between neighbourhoods to an MOR of 1.4. In model 2, for
two children with the same individual-level socioeconomic
status, the MOR between the two children living in a state with
a higher compared with a lower disposition to having childhood
mortality was 1.3, which also suggests that the clustering effect
was moderate. The unexplained state heterogeneity decreased
further when all the factors were controlled for in the ﬁnal
model 4 to 1.1. Thus, there were little variations between states
in the likelihood of having childhood mortality.
DISCUSSION
Main ﬁndings
This study conﬁrms the importance of neighbourhood socio-
economic variations with respect to childhood mortality in
Nigeria. In particular, the study showed that the neighbourhood
context in which people reside is linked to childhood mortality
even after taking into consideration the individual-level and
state-level socioeconomic status.
We found that male children were more likely to die compared
with their female counterparts. This has been reported in previ-
ous studies that examined the association of children’s sex and
the likelihood of dying before the age of 5 years.26–29 This
outcome could be attributed to the fact that male children tend
to have a larger body size particularly during pregnancy and the
intrapartum period, which leads to more difﬁcult births, asphyxia
and birth trauma, leading to higher neonatal mortality.30
The reduced odds of childhood mortality seen among women
aged 25–34 years compared with adolescent/young mothers
(aged 15–24 years) is consistent with previous studies.31–33
Teenage mothers often experience ﬁnancial and social difﬁcul-
ties, which leads to inadequate provision of child’s care.32 Some
researchers have also said that adolescent mothers have less
matured body organs like the uterus and bony pelvis that are
narrow causing neonatal deaths.
The ﬁndings of this study support those of other similar
studies, which indicates that maternal education has a positive
effect on childhood survival.34–37 Mothers with formal educa-
tion would have knowledge of what to do to prevent childhood
mortality from occurring. Moreover, their health-seeking behav-
iour index is expected to be higher than the those who are
uneducated as they are better able to access information import-
ant for child survival.
Furthermore, the ﬁndings of this study revealed that under-ﬁve
children from less wealthy households have greater odds of dying
than under-ﬁves from wealthy households. Similar results were
documented in previous studies carried out in different develop-
ing countries, which gives further proof that poverty is a signiﬁ-
cant predictor of childhood survival.38–40 Household’s wealth
index status is very important as this most times predicts if there
will be availability of good and nutritious foods essential for the
growth and development of children or not. In addition, good
and nutritious foods would also enhance the ability of the body
to ﬁght off infectious diseases. Moreover, children from poorer
households in most developing countries like Nigeria, where a
publicly funded healthcare system is not practised, would lack
access to good and basic healthcare services when they fall ill.
Consistent with results of studies from other developing
countries, 41–43 we found that the risk of childhood mortality is
associated with place of residency. Children residing in rural
areas experience high mortality risks than those from urban
areas where there are better healthcare facilities. Children resid-
ing in neighbourhoods with high poverty rates in this study had
a higher likelihood of dying before getting to the age of 5 years
compared with their counterparts from neighbourhoods with
low poverty rates after controlling for individual-level socio-
economic status. Our ﬁnding is consistent with those of other
previous studies, though the participants in these studies were
not limited to only under-ﬁve children but from age 0 to
Table 1 Prevalence of childhood mortality at various levels of
independent variables
Variables
UFMR
(per 1000
live births)
Total,
N (%)
Death,
N (%) p Value
Individual-level factors 129.8 31 482 (100) 2886 (9.2)
Sex of the child
Male 139.8 15 965 (100) 1578 (9.9)
Female 119.5 15 517 (100) 1308 (8.4) <0.0001
Age of mothers in years
15–24 154.1 7614 (100) 748 (9.8)
25–34 118.8 15 698 (100) 1325 (8.4)
35+ 131.5 8170 (100) 813 (10.0) <0.0001
Educational levels of mother
No formal education 162.5 14 762 (100) 1657 (11.2)
Primary 124.5 6432 (100) 596 (9.3)
Secondary 87.2 8365 (100) 547 (6.5)
Higher 56.7 1923 (100) 86 (4.5) <0.0001
Mother’s occupation
Not working 135.4 9099 (100) 832 (9.2)
Manual 57.9 8977 (100) 820 (9.1)
White collar 127.4 1149 (100) 54 (4.7)
Others 134.1 12 257 (100) 1175 (9.6) <0.0001
Wealth index
Richest 63.0 4942 (100) 250 (5.1)
Richer 92.0 5806 (100) 412 (7.1)
Middle 111.6 6272 (100) 502 (8.0)
Poorer 178.1 7386 (100) 887 (12.0)
Poorest 170.5 7076 (100) 835 (11.8) <0.0001
Neighbourhood-level
factors
N=896
Residence
Rural 151.7 21 131 (100) 2220 (10.5)
Urban 87.5 10 351 (100) 666 (6.4) <0.0001
Poverty rate
Low 89.7 15 763 (100) 1049 (6.7)
High 169.2 15 719 (100) 1837 (11.7) <0.0001
Illiteracy rate
Low 97.6 15 742 (100) 1157 (7.4)
High 160.6 15 740 (100) 1729 (11.0) <0.0001
Unemployment rate
Low 117.1 15 894 (100) 1344 (8.5)
High 142.8 15 588 (100) 1542 (9.9) <0.0001
State-level factors N=37
Poverty rate
Low 97.1 16 267 (100) 1179 (7.2)
High 163.7 12 215 (100) 1707 (11.2) <0.0001
Illiteracy rate
Low 102.9 16 350 (100) 1245 (7.6)
High 157.3 15 132 (100) 1641 (10.8) <0.0001
Unemployment rate
Low 104.4 16 114 (100) 1219 (7.6)
High 155.5 15 368 (100) 1667 (10.8) <0.0001
%, Proportion (percentage); N, number of children; UFMR, under-five mortality rate.
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14 years,44–46 and the plausible explanations for this association
could be that residing in a neighbourhood where there is a high
rate of poverty will inﬂuence childhood survival.
This study shows that there is some evidence of geographical
variation with respect to childhood mortality in Nigeria.
Approximately 8% and 3% of the total individual variations
regarding childhood mortality were at the neighbourhood and
state levels, respectively. It is theoretically expected that individuals
from the same area are more similar to one another in relation to
health outcomes than others from different areas.47 Individuals
with similar attributes may have different health outcomes accord-
ing to whether they live in one neighbourhood or in another
because of differing sociocultural, economic, political, climatic
and geographical contexts.47 Hence, individuals residing in the
same neighbourhood tend to have similar health outcomes. This
may be because individuals in the same neighbourhood are suscep-
tible to the same contextual inﬂuences. This contextual effect
shows itself as a clustering of individual health outcomes within a
neighbourhood; that is, a portion of the health outcomes among
people may be linked to the areas in which they live.47 On the
Table 2 Factors associated with childhood mortality identified by multilevel multivariate logistic regression models
Variable Model 1* Model 2† Model 3‡ Model 4§
Fixed effects aOR (CrI) aOR (CrI) aOR (CrI) aOR (CrI)
Individual-level factors
Male (vs female) 1.20 (1.11–1.30) 1.20 (1.11–1.30) 1.20 (1.11–1.30)
Age of mothers in years
15–24 1 (reference) 1 (reference) 1 (reference)
25–34 0.89 (0.81–0.98) 0.90 (0.82–0.98) 0.90 (0.81–0.98)
35+ 1.03 (0.93–1.15) 1.04 (0.93–1.15) 1.04 (0.93–1.16)
Education attainment of mother
No education 1 (reference) 1 (reference) 1 (reference)
Primary 0.98 (0.86–1.09) 0.96 (0.85–1.08) 0.96 (0.85–1.09)
Secondary 0.80 (0.70–0.91) 0.78 (0.67–0.91) 0.79 (0.67–0.91)
Higher 0.69 (0.51–0.89) 0.68 (0.49–0.90) 0.68 (0.50–0.88)
Occupation of mother
Not working 1 (reference) 1 (reference) 1 (reference)
Manual 0.92 (0.65–1.24) 0.93(0.66–1.26) 0.93 (0.67–1.27)
White collar 1.04 (0.92–1.16) 1.05(0.94–1.16) 1.05 (0.94–1.17)
Others 1.08 (0.98–1.26) 1.09(0.99–1.26) 1.09 (0.99–1.27)
Wealth index of family
Richest 1 (reference) 1 (reference) 1 (reference)
Richer 1.30 (1.08–1.54) 1.23 (1.00–1.54) 1.23 (1.04–1.46)
Middle 1.36 (1.11–1.63) 1.19 (0.96–1.48) 1.20 (0.99–1.45)
Poorer 1.91 (1.55–2.31) 1.53 (1.22–2.01) 1.55 (1.25–1.93)
Poorest 1.79 (1.44–2.16) 1.40 (1.09–1.86) 1.41 (1.12–1.79)
Neighbourhood-level factors
Rural (vs urban) 1.24 (1.09–1.40) 1.25 (1.08–1.43)
High (vs low) poverty rate 1.25 (1.07–1.46) 1.22 (1.05–1.43)
High (vs low) illiteracy rate 1.04 (0.72–1.09) 1.03 (0.71–1.09)
High (vs low) unemployment rate 1.07 (0.96–1.19) 1.05 (0.94–1.17)
State-level factors
High (vs low) poverty rate 1.20 (0.93–1.60)
High (vs low) illiteracy rate 0.90 (0.64–1.16)
High (vs low) unemployment rate 1.09 (0.79–1.43)
Measures of variation
State level
Variance (SE) 0.116 (0.062–0.204) 0.046 (0.020–0.092) 0.045 (0.016–0.091) 0.040 (0.020–0.094)
Explained variation (%) Reference 60.3 61.2 65.5
Intrastate correlation (%) 3.3 1.3 1.3 1.2
MOR 1.38 1.25 1.22 1.14
Neighbourhood level
Variance (SE) 0.165 (0.114–0.218) 0.127 (0.084–0.182) 0.122 (0.075–0.169) 0.120 (0.077–0.167)
Explained variation (%) Reference 23.0 26.1 27.3
Intraneighbourhood correlation (%) 7.9 5.0 4.8 4.6
MOR 1.47 1.40 1.39 1.39
Model fit statistics
Bayesian DIC 18 878 18 785 18 779 18 767
*Model 1 is the empty model, a baseline model without any predictor variable.
†Model 2 is adjusted for sex of child, age, education, occupation and wealth status of mother.
‡Model 3 is additionally adjusted for neighbourhood-level socioeconomic factors.
§Model 4 is additionally adjusted for state-level socioeconomic factors.
aOR, adjusted OR; CrI, credible interval; DIC, deviation information criterion; MOR, median OR.
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basis of this, we might infer that there is some evidence for pos-
sible neighbourhood and state contextual inﬂuences modifying
childhood survival, and that neighbourhoods are very invaluable
in understanding individual childhood survival differences.
Study limitations and strengths
Caution should be taken when interpreting the results of this
study. The cross-sectional nature of the data limits our ability to
draw casual inferences. The study can be criticised for using an
indirect measure of household wealth. However, owing to the fact
that in developing countries it is hard to obtain reliable income
and expenditure data, an asset-based index is generally considered
a good proxy for household wealth status. Our study focused on
understanding the role of individual, neighbourhood and state
socioeconomic status as correlates of childhood mortality. We did
not incorporate an assessment of the effect of interactions between
such variables in our study design. Another point to consider
when interpreting the ﬁndings of this study is the fact that what
we called neighbourhoods are administrative demarcations used
for survey purposes, which may not properly capture the social
context vital for understanding the causes of childhood mortality.
Despite these limitations, the study’s strengths are signiﬁcant.
It is a large population-based study with national coverage. DHS
data sets are often nationally representative, allowing for conclu-
sions that cover the entire country. In addition, data of the DHS
are widely perceived to be of high quality, as they were based on
sound sampling methodology with a high response rate from
participants. Moreover, there are advantages to studying factors
associated with childhood mortality using multilevel modelling
approach as state-level and neighbourhood-level factors like we
used in our study would help identify economic, cultural and
social context in which individual lives and experiences health
outcomes. Aside from the neighbourhood factors, individuals
will be affected by state policies and, by extension, country
policies which affect the proximate correlates of childhood
mortality.
CONCLUSION
The study provides evidence that individual-level and
neighbourhood-level socioeconomic status are important corre-
lates of childhood mortality in Nigeria. The ﬁndings highlight
the need to implement public health prevention strategies at the
individual level, as well as at the neighbourhood (context) level.
These strategies include the establishment of a publicly funded
healthcare system, as well as health education and poverty allevi-
ation programmes.
Studies to be conducted in the future should examine other
factors that may be responsible for the unexplained neighbour-
hood and state clustering in childhood mortality in Nigeria and
other similar countries.
What is already known about this subject?
▸ Several studies conducted in Nigeria on the determinants of
childhood mortality had concentrated on individual-level
(maternal and child) factors using regular single level regression
analysis, neglecting contextual (area/neighbourhood and state)
level factors.
▸ Studies are still lacking on the use of multilevel modelling to
understand the independent contribution of individual-level,
neighbourhood-level and state-level factors on childhood
mortality in Nigeria.
What this study adds?
▸ This is the ﬁrst study to examine the independent
contribution of individual-level, neighbourhood-level and
state-level socioeconomic factors associated with childhood
mortality in Nigeria in a single analytical framework using
the latest nationally representative data set in the country.
▸ This study revealed that individual-level and
neighbourhood-level socioeconomic status are important
correlates of childhood mortality in Nigeria.
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